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Abstract 


1,2 5 -dihydroxy vitamin  D3  (calcitriol),  the  active  form  of  vitamin  D3  is  a  hormone  with  anti-proliferative  and  pro- 
differentiation  effects  in  prostate  cancer  (PCa)  cells.  Our  ultimate  goal  is  to  identify  novel  therapeutic  targets  for  the  treatment  of  PCa 
with  calcitriol.  Previous  to  this  study,  we  have  used  cDNA  microarray  analysis  of  established  human  PCa  cell  lines  identifying,  among 
others,  the  regulation  of  genes  implicated  in  prostaglandin  (PG)  bioactivity.  PGs  are  implicated  in  the  development  and  progression  of 
PCa,  tumor  invasiveness  and  tumor  grade.  We  found  that  calcitriol  down-regulates  the  expression  of  cyclooxygenase-2  (COX-2), 
enzyme  that  initiates  PG  synthesis,  and  up-regulates  the  expression  of  15-hydroxyprostaglandin  dehydrogenase  (15-PGDH)  involved 
in  the  first  step  in  PG  inactivation.  In  this  project  we  analyze  these  two  novel  target  genes  of  calcitriol.  In  this  project  we  found  that 
calcitriol  reduces  the  expression  of  COX-2  mRNA  and  protein  and  up-regulates  15-PGDH  mRNA  and  protein.  We  also  found  that  the 
combined  treatment  of  LNCaP  and  PC-3  cells  with  calcitriol  and  COX  inhibitors  mediate  synergistic  growth  inhibition,  allowing  the 
use  of  reduced  doses  of  both  drugs  that  still  resulted  in  enhanced  anti-proliferative  activity.  The  actions  of  calcitriol  to  reduce  COX-2 
expression  and  to  induce  15-PGDH  availability  would  potentially  constitute  a  pathway  to  reduce  and/or  remove  active  PGs  thereby 
diminishing  PCa  proliferation.  These  findings  suggest  that  therapy  combining  calcitriol  and  COX-2  inhibitors  will  increase  efficacy 
while  decreasing  side-effects.  We  strongly  believe  that  the  major  contribution  and  significance  of  this  project  is  to  pave  the  way  in  the 
designing  of  new  therapeutic  approaches  for  PCa.  We  propose  that  the  combination  of  these  already  approved  drugs  can  be  brought  to 
a  clinical  trial  swiftly.  This  study  also  helps  in  the  understanding  of  the  mechanisms  of  calcitriol  action  in  prostate  cells,  generating 
new  data  to  potentially  aid  in  developing  treatment  strategies  to  improve  PCa  therapy.  The  ability  of  calcitriol  to  inhibit  PG  synthesis 
and  stimulate  PG  destruction  appears  to  be  an  additional  pathway  by  which  calcitriol  can  enhance  PCa  therapy.  Based  on  these 
observations  a  clinical  trial  has  recently  been  initiated  by  Dr.  D.  Feldman  and  Dr.  S.  Srinivas  at  Stanford  University  combining  high 
doses  of  calcitriol  and  naproxen  in  PCa  patients  with  advanced  androgen-independent  disease  who  have  failed  other  therapies.  The 
initial  results  are  promising  (Srinivas  et  al,  unpublished  observations). 
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INTRODUCTION 

Calcitriol,  the  hormonally  active  form  of  vitamin  D,  inhibits  the  growth  and  development  of 
several  cancers  {1-9).  There  are  multiple  mechanisms  underlying  the  anti-proliferative  effects  of 
calcitriol,  which  vary  between  target  cells  (7,  9).  These  include  cell  cycle  arrest  (7,  9)  and  the 
induction  of  apoptosis  (7).  Several  genes  that  mediate  these  growth  regulatory  effects  have  been 
identified  to  be  the  molecular  targets  of  calcitriol  action,  such  as  p21,  p27,  bcl-2,  and  insulin-like 
growth  factor  binding  protein-3  {IGFBP-3).  We  recently  did  cDNA  microarray  analyses  to  more  fully 
characterize  the  spectrum  of  genes  regulated  by  calcitriol  in  prostate  cells  {10,  11).  Among  the  newly 
identified  genes  regulated  by  calcitriol,  we  found  two  genes  which  play  a  key  role  in  prostaglandin 
(PG)  metabolism:  the  prostaglandin  endoperoxide  synthase-2  or  cyclooxygenase  (COX)-2  and  the 
NAD-i-dependent  15-hydroxyprostaglandin  dehydrogenase  (15-PGDH).  PGs  are  synthesized  from 
free  arachidonic  acid  {12)  by  COXs.  There  are  two  well-characterized  COX  isoforms:  COX-1,  a 
constitutive  form  of  the  enzyme,  and  COX-2,  an  inducible  form  of  the  enzyme.  PGs  are  implicated  in 
the  initiation  and  progression  of  many  malignancies  including  prostate  cancer  {13-15).  Tumor  cells 
with  elevated  COX-2  levels  are  highly  resistant  to  apoptosis,  show  increased  angiogenic  potential, 
and  exert  suppressive  effects  on  host  immunity  {13-16).  Nonsteroidal  anti-inflammatory  drugs 
(NSAIDs),  known  inhibitors  of  both  COX-1  and  COX-2  enzymatic  activity,  are  under  intense 
investigation  to  prevent  and/or  treat  malignancies  {17,  18).  15-PGDH,  which  mediates  the  catalytic 
inactivation  of  PGs  by  converting  them  to  the  corresponding  keto  derivatives  {19),  has  been  found  to 
be  down-regulated  in  some  cancers  {20,  21)  and  has  recently  been  regarded  as  a  tumor  suppressor 
gene  {20). 

Our  hypothesis  is  that  calcitriol  regulation  of  PG  metabolism  (induction  of  15-PGDH  and 
inhibition  of  COX-2)  is  another  pathway  to  remove  active  PGs  that  may  help  to  diminish  PCa 
proliferation.  In  this  way,  calcitriol  and  NSAIDs  would  have  the  same  ultimate  effect.  Unfortunately, 
NSAID  use  has  shown  some  secondary  side-effects  including  increased  risk  of  heart  attacks,  stroke, 
sudden  death,  blood  clots,  stomach  and  intestinal  bleeding,  kidney  problems  including  acute  kidney 
failure  and  worsening  of  chronic  kidney  failure  {22).  On  the  other  hand,  calcitriol  also  has  secondary 
effects,  namely  hypercalcemia.  However,  this  effect  can  be  diminished  with  intermittent 
administration  of  calcitriol  {23)  or  with  the  use  of  the  new  analogs  of  calcitriol  {12).  To  avoid  such 
unwanted  actions  we  would  resort  to  the  combination  of  NSAIDs  and  calcitriol.  We  predict  that  the 
combination  therapy  could  allow  the  use  of  lower  doses  of  both  drugs  thus  reducing  their  individual 
side-effects. 

Given  the  induction  of  15-PGDH  expression  and  the  inhibition  of  COX-2  expression  by 
calcitriol,  both  NSAIDs  and  calcitriol  would  have  the  same  effect,  to  reduce  the  pool  of  active  PGs, 
but  by  different  mechanisms.  To  us,  this  strongly  suggests  that  induction  of  the  regulation  of  PG- 
related  metabolic  genes  by  calcitriol  contributes  to  its  anti-proliferative  activity.  It  also  suggests  a 
possible  synergistic  action  of  calcitriol  and  NSAID  treatment  to  prevent  cancer  cell  proliferation.  We 
hypothesize  that  the  role  of  calcitriol  in  the  general  metabolism  of  these  eicosanoids,  by  induction  of 
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15-PGDH  and  the  inhibition  of  COX-2  expression,  contributes  to  the  anti-PCa  action  of  calcitriol.  By 
inhibiting  COX-2  and  stimulating  15-PGDH  expression,  calcitriol  would  decrease  the  levels  of 
biologically  active  PGs  in  PCa  cells  and  thereby  reduce  the  proliferative  stimulation  of  PGs,  much  like 
the  NSAIDs.  Our  finding  that  calcitriol  stimulates  the  expression  of  15-PGDH  and  inhibits  COX-2 
assume  greater  significance  considering  the  putative  actions  of  PGs  on  PCa  cells. 
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BODY 

This  study  was  directed  to  gain  insight  on  the  potential  use  of  calcitriol,  the  active  form  of 
vitamin  D,  as  an  anti-proliferative  agent  in  PCa  by  interfering  with  PG  metabolism  and  actions. 

Our  microarray  data  indicated  that  calcitriol  increased  the  expression  of  15-PGDH  and 
significantly  decreased  the  expression  of  COX-2  in  LNCaP  human  PCa  cells  (23).  We  hypothesize 
that  this  dual  action  of  calcitriol  would  reduce  the  levels  of  biologically  active  PGs  in  PCa  cells, 
thereby  decreasing  the  proliferative  stimulus  for  PCa  growth. 

Our  experiments  showed  that  calcitriol  inhibits  prostaglandin  actions  in  PCa  cells  by  three 
mechanisms:  stimulating  the  expression  of  prostaglandin  catabolizing  enzyme  15-PGDH,  decreasing 
the  expression  of  prostaglandin  synthesizing  enzyme  COX-2  and  inhibiting  EP2  and  FP 
prostaglandin  receptor  expression  [Moreno,  2005  #89;  Moreno,  2005  #45].  We  also  observed  a 
decrease  in  levels  of  PGs  in  the  conditioned  media  of  LNCaP  cells  treated  calcitriol.  We  suspect  that 
this  was  the  result  of  the  dual  effect  of  calcitriol  on  the  expression  of  PG  metabolic  enzymes  (24). 
Furthermore,  the  combination  of  calcitriol  and  various  non-steroidal  anti-inflammatory  drugs 
(NSAIDs)  produced  synergistic  inhibition  of  PCa  cell  growth  at  2  to  10  lower  concentrations  of  the 
drugs  needed  to  achieve  the  same  effect  alone.  The  findings  suggest  that  calcitriol  and  NSAIDs  may 
be  a  useful  combination  for  chemotherapy  PCa  (24). 

MATERIALS  AND  METHODS 
Cell  culture. 

LNCaP  (ATCC  no.  CRL-1740)  and  PC-3  (ATCC  no.  CRL-1435)  cells  were  grown  in  RPMI 
1640  supplemented  with  5%  FBS,  100  lU/mL  of  penicillin,  and  100  pg/mL  streptomycin  (Life 
Technologies).  Cells  were  maintained  at  37°C  with  5%  COain  a  humidified  incubator. 

Plasmid  Constructs 

The  COX-2  cDNA  was  a  kind  gift  from  Dr.  Stephen  Prescott  from  the  University  of  Utah.  The 
construction  pCOX-2  was  obtained  by  amplifying  the  complete  cDNA  decoding  the  COX-2  by  PCR 
using  oligonucleotides:  5’-TTT  TCT  AGA  ATG  CTC  GCC  CGC  GCC-3’  and  5’-TTT  GAT  ATC  CTA 
CAG  TTC  AGT  CGA  ACG-3’.  The  PCR  product  obtained  with  the  Taq  PCR  Master  Mix  Kit  (Qiagen 
Inc.  Valencia,  CA)  was  cloned  into  the  pcR2.1  vector  (Invitrogen,  Carlsbad,  CA).  The  COX-2  full 
length  cDNA  was  isolated  by  Eco  Rl  restriction  and  this  fragment  was  sub-cloned  into  the  Eco  Rl  site 
was  of  the  pcDNA3.1(-)  eukaryotic  expression  vector  (Invitrogen).  The  15-PGDH  expression  vector 
cloned  into  the  eukaryotic  expression  vector  pcDNAI  (Invitrogen)  was  a  kind  gift  from  Dr.  H.  H.  Tai, 
from  the  University  of  Kentucky. 

Transfection 

Plasmids  were  purified  with  the  Qiagen  plasmid  purification  kit  according  to  the 
manufacturer’s  instructions.  Subconfluent  PC-3  or  LNCaP  cells  were  transfected  using  Trans  IT 
Prostate  (Mirus  Bio  Corporation.  Madison,  Wl.)  according  to  the  manufacturer’s  instructions.  For 
stable  expression,  cells  were  screened  first  for  their  resistance  to  600  pg/ml  of  G418  (Geneticin, 
Invitrogen)  and  then  for  either  COX-2  or  15-PGDH  over-expression  using  Western  blot  analysis  and 
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measuring  PG  content  in  the  conditioned  media  of  transfected  cells.  Cells  were  maintained  in 


medium  containing  200  |ig/ml  of  G418. 

Small  interfering  RNA  transfection. 

Subconfluent  LNCaP  cells  were  transfected  with  30  nmol/L  of  negative  control  (Ambion, 
Austin,  TX),  or  the  S/'/encer  Pre-designed  15-PGDH-directed  siRNA  (#  16708)  siRNA  (Ambion)  using 
siPORT  NeoFX  (Ambion).  Cells  were  used  for  experiments  Western  blot  analysis  after  transfection  as 
indicated. 

RNA  isolation  and  real-time  reverse  transcription-PCR.  These  procedures  were  carried  out  exactly  as 
described  in  (1)  (please  see  Appendix  II).  Table  I  lists  the  primers  used.  Briefly,  total  RNA  was 
extracted  from  cells  using  Trizol  reagent  (Invitrogen).  Five  ng  of  total  RNA  were  used  to  obtain  first 
strand  cDNA  using  the  Superscript  III  kit  (Invitrogen).  Gene  expression  in  vehicle  or  calcitriol-treated 
cells  was  determined  by  real-time  PCR  using  the  reverse  transcription  product  and  gene-specific 
primers  (10  pmol)  with  the  DyNamo  SYBR  Green  qPCR  kit  (Finnzymes,  Oy,  M.J.  Research).  Real¬ 
time  PCR  was  carried  out  using  an  Opticon  2  DNA  engine  (M.J.  Research).  Relative  changes  in 
mRNA  expression  levels  were  assessed  by  the  method  (2).  Changes  in  mRNA  expression 

of  the  different  genes  were  normalized  to  that  of  TATA  binding  protein  {TBP)  gene. 

TABLE  1.  Primers  used  in  reai-time  RT-PCR. 

Gene  Forward  Reverse 

bcl-2  5'-TGGGATGCCTTTGTGGAACTAT-3'  5'-GAGACAGCCAGGAGAAATCAAAC-3’ 

Bax  5'-AGGG  TTTCATCCAGGATCGAGCAG-3'  5'-ATCTTCTTCCAGATGGTGAGCGAG-3' 

Cyclin  D  5’-CCGTCCATGCGGAAGATC-3’  5’-ATGGCCAGCGGGAAGAC-3’ 

p21  5'-GCAGACCAGCATGACAGATTT-3'  5'-GGATTAGGGCTTCCTCTTGGA-3' 

IGFBP-3  5’-AAGTTCCACCCCCTCCATTC-3’  5’-TCTTCCATTTCTCTACGGCAG-3’ 

AR  5’-AGTCCCACTTGTGTCAAAAGC-3’  5’-ACTTCTGTTTCCCTTCAGCG-3’ 

VDR  5’-CACTGGCTTTCACTTCAATGC-3’  5’-CGATGTCCACACAGCGTTTG-3’ 

TGF-b  5’-GATTTCCATCTACAAGACCACGAGG-3’  5’-GCATCAGTTACATCGAAGGAGAGC-3’ 

VEGF  5’-GAGGAGTCCAACATCACCATGC-3’  5’-CGTTTAACTCAAGCTGCCTCGCC-3’ 

COX-2  5'-GATACTCAGGCAGAGATGATCTACCC-3'  5'-AGACCAGGCACCAGACCAAAGA-3' 

15-PGDH  5'-GACTCTGTTCATCCAGTGCG-3'  5'-CCTTCACCTCCATTTTGCTTACTC-3' 

TBP  5'-CACTCACAGACTCTCACAACTGC-3'  5'-GTGGTTCGTGGCTCTCTTATC-3' 

RESULTS 

Calcitriol  exhibits  anti-proliferative  and  pro-differentiation  effects  in  prostate  cancer.  Our  goal 
in  this  project  was  to  contribute  in  further  defining  the  mechanisms  underlying  these  actions  in  human 
PCa  cell  lines. 

This  project  was  divided  into  two  parts.  In  the  first  part  we  found  that  calcitriol  significantly 
reduced  the  mRNA  and  protein  expression  of  COX-2,  the  key  PG  synthesis  enzyme.  Calcitriol  also 
up-regulated  the  expression  of  15-PGDH,  the  enzyme  initiating  PG  catabolism.  This  dual  action  was 
associated  with  decreased  PGE2  secretion  into  the  conditioned  media  of  PCa  cells  exposed  to 
calcitriol.  Calcitriol  also  repressed  the  mRNA  expression  of  the  PG  receptors  EP2  and  FP,  providing 
a  potential  additional  mechanism  of  suppression  of  the  biological  activity  of  PGs.  Importantly, 
calcitriol  attenuated  PG-mediated  prostate  cancer  cell  growth  and  blocked  the  induction  of  some  of 
the  functional  targets  of  PGs,  like  c-fos  mRNA  expression.  The  combination  of  calcitriol  with 
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nonsteroidal  anti-inflammatory  drugs  (NSAIDs)  synergistically  acted  to  achieve  significant  PCa  cell 
growth  inhibition  at  ~2  to  10  times  lower  concentrations  of  the  drugs  than  when  used  alone.  These 
results  were  published  in  Cancer  Research  {1).  Please  see  the  full  length  paper  in  Appendix  II  for 
further  details. 

In  the  second  part  of  this  project  our  goal  was  to  gain  an  insight  on  how  the  combination  of 
calcitriol  and  NSAIDs  might  improve  the  growth  inhibitory  actions  of  each  drug  alone  and  to  asses  the 
relative  contribution  of  COX-2  and  15-PGDH  regulated  expression  on  the  growth  inhibitory  actions  of 
calcitriol. 

Potential  Mediators  of  the  Enhanced  Growth  Inhibition  by  the  combined  treatment  with 
Calcitriol  and  Naproxen  in  PCa  cells 

The  combined  treatment  of  LNCaP  and  PC-3  cells  with  calcitriol  and  NSAIDs  results  in  the 
synergistic  inhibition  of  cell  growth,  as  indicated  in  Figure  5  in  Moreno  et  al.  (1)  (Please  see  Appendix 
II).  This  is  true  for  both  COX-2-specific  NSAIDs  or  COXIBs  (SC-5825  and  NS398)  and  non-specific 
NSAIDs  (naproxen  and  ibuprofen).  To  explore  the  possible  molecular  mechanisms  mediating  this 
enhanced  growth  inhibition,  we  analyzed  the  effects  of  the  combination  of  calcitriol  and  naproxen,  a 
non-specific  NSAID  For  this  analysis  we  used  non-specific  NSAIDs.  This  decision  was  based  on  the 
equal  effectiveness  of  both  classes  of  NSAIDs  to  inhibit  growth  when  combined  with  calcitriol  and  on 
the  recent  safety  concerns  about  the  chronic  use  of  COXIBs  {1).  We  analyzed  apoptosis-related 
genes  {bcl-2,  bax),  cell  cycle-related  genes  {Cyclin  D1,  p21,  IGFBP-3),  PG  metabolism-related 
genes  {COX-2  and  15-PGDH),  steroid  receptor  genes  {AR  and  VDR)  and  growth  factor  genes 
{VEGF,  TGF-0)  in  LNCaP  cells.  As  shown  in  Table  II,  the  expression  of  bax,  Cyclin  D1,  p21,  COX- 
2,1 5-PGDH,  AR,  VDR,  and  TGF-y0  mRNAs  in  LNCaP  cells  is  regulated  by  either  calcitriol  10  nM  or 
naproxen  150  |iM  alone,  however,  the  combined  treatment  of  LNCaP  cells  with  the  two  drugs  has  no 
further  effect  on  the  mRNA  expression  levels  of  these  genes  (Table  II). 

Table  II.  Real-time  RT-PCR  analysis  of  gene  expression  in  response  to  the  combination  of  calcitriol  and  two 
doses  of  naproxen.  Mean  +  SD. 


Vehicle 

Calcitriol 

10  nM 

Naproxen 

150  uM 

Naproxen 

150  uM 

Apoptosis 

bcl-2 

1.15±0.15 

0.61  ±  0.02 

0.42  ±  0.06 

0.21  ±  0.03 

Bax 

1.09  ±0.29 

0.55  ±0.14 

0.32  ±  0.05 

0.41  ±  0.04 

Cell-cycle 

Cyclin  D1 

0.95  ±  0.04 

0.48  ±0.16 

0.32  ±  0.05 

0.32  ±0.01 

IGFBP-3 

1.01  ±0.11 

4.54  ±  0.48 

2.94  ±  0.08 

6.99  ±  0.45 

p21 

1.14  ±0.27 

0.96  ±0.11 

3.69  ±  0.55 

3.73  ±0.41 

PG-metabolism 

COX-2 

1  .67  ±  0.27 

0.67±  0.12 

0.66  ±0.13 

0.68  ±  0.47 

15-PGDH 

1  ±  0.07 

3.12  ±0.45 

2.37  ±  0.79 

3.69  ±  0.56 

Nuclear  Receptors 

AR 

1.47  ±0.03 

1.81  ±0.22 

1.15±0.01 

1.74  ±0.17 

VDR 

0.88  ±  0.43 

0.48  ±  0.07 

0.61  ±0.09 

0.74  ±0.31 

Growth  factors 

VEGF 

0.78  ±0.21 

1.15  ±0.45 

0.62  ±0.11 

0.34  ±  0.09 

TGF-beta 

1.44  ±  0.12 

0.85  ±  0.21 

0.49  ±  0.06 

0.41  ±  0.29 
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In  the  case  of  bcl-2,  IGFBP-3,  and  VEGF  mRNA  expression,  the  combination  of  calcitriol  and 
naproxen  potentiated  the  effects  of  each  drug  alone.  The  expression  of  bcl-2  mRNA  was  down- 
regulated  by  both  calcitriol  and  naproxen  acting  alone  (Figure  1A),  however,  the  combination 
resulted  in  the  synergistic  decrease  of  the  expression  of  bcl-2  (Figure  1A).  The  same  effect  was 
observed  in  the  expression  of  VEGF  mRNA  (Figure  1C).  IGFBP-3  mRNA  expression  is  induced  by 
calcitriol  10  nM  and  modestly  increased  by  naproxen  150  i^M  (Figure  IB),  with  the  combination  of 
calcitriol  inducing  a  further  increase.  This  suggests  that  the  combination  of  naproxen  and  calcitriol 
may  act  through  the  induction  of  apoptosis  (2)  and  attenuating  the  actions  of  growth  factors  (3).  The 
combined  effect  of  calcitriol  and  naproxen  in  decreasing  the  mRNA  levels  of  VEGF  results  is  of 
particular  interest,  considering  its  role  in  angiogenesis  in  PCa  (4). 


Q-  - - 

m  1  ^ 

CN  0-8- 

Cal(IOnM)  -  + 

Nap  (pM)  -  -  150  150 


LNCaP  cells 


Q-  1.4 


Cal(IOnM)  -  +  -  + 

Nap  (pM)  -  -  150  150 


Figure  1.  Synergistic  reguiation  of  gene  mRNA  expression  in  LNCaP  ceiis  by  caicitrioi  and  naproxen.  Subconfluent 
LNCaP  cells  were  treated  with  0.1%  ethanol  vehicle  (-)  or  10  nmol/L  calcitriol  (Cal)  in  the  presence  and  absence  of  the 
indicated  concentration  of  150  iimol/L  naproxen  (Nap)  for  24  hours.  Total  RNA  was  extracted  and  analyzed  for  the  mRNA 
expression  of  bcl-2  (A),  IGFBP-3  (B)  or  VEGF  (C)  by  real-time  RT-PCR  using  gene-specific  primers.  Gene  mRNA  levels 
were  normalized  to  TBP  mRNA  levels.  Values  given  as  a  fraction  of  control  set  at  1 ;  columns,  mean  from  two  experiments; 
bars,  SD.  *.  P  <  0.05,  **,  P  <  0.01,***,  P  <  0.001  when  compared  with  control,  -f,  P  <  0.05,  ++,  P  <  0.01  when  compared  to 
naproxen  alone. 

To  expand  our  knowledge  on  the  molecular  pathways  mediating  the  enhanced  effect  of  the 
combination  of  calcitriol  and  NSAIDs  on  PCa  cell  growth  inhibition,  we  plan  to  use  pathway-focused 
arrays,  which  are  designed  to  determine  the  expression  profile  of  a  pathway-specific  panel  of  genes. 

We  are  currently  studying  the  effects  of  the  calcitriol  naproxen  combination  on  the  leves  of 
secreted  PGs  to  the  conditioned  media. 

Role  of  15-PGDH  increased  expression  and  the  COX-2  reduced  expression  in  the  anti¬ 
proliferative  actions  of  calcitriol 

We  have  previously  shown  that  calcitriol  increases  the  expression  of  15-PGDH  mRNA  and 
protein  {1).  15-PGDH  has  a  role  in  mediating  growth  inhibition  (3).  Our  hypothesis  is  that  the 
calcitriol-induced  increase  in  15-PGDH  expression  also  plays  a  role  in  the  growth  inhibitory  actions  of 
calcitriol.  To  study  this  possibility,  we  decided  to  knock-down  the  expression  of  15-PGHD  and 
measure  the  effects  of  this  knock-down  on  the  growth  inhibition  induced  by  calcitriol  in  LNCaP  cells. 
We  transfected  LNCaP  cells  with  a  siRNA  directed  against  15-PGDH  and  separately  with  a  control 
siRNA  for  comparison.  We  first  analyzed  the  effects  of  the  siRNA  transfection  on  the  15-PGDH 
protein  expression  in  Western  blot  assays.  We  found  that  the  siRNA  directed  against  15-PGDH 
effectively  decreases  the  expression  of  the15-PGDH  protein  (lane  2,  Figure  2A)  when  compared  to 
the  levels  observed  in  cells  transfected  with  the  control  siRNA  (lane  1,  Figure  2A).  However,  these 
effects  are  reversed  at  72  h  (lane  3,  Figure  2A),  when  the  15-PGDH  protein  levels  seem  to  increase 
again. 
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Figure  2.  Role  of  15-PGDH  in  calcitriol-mediated  growth  inhibition  in  PCa  cell  lines.  A,  15-PGDH  down-regulation  by 
siRNA  in  LNCaP  cells.  Representative  Western  blot  orLNCaP  cells  transfected  with  either  a  control  (Control)  or  a  15-PGDH- 
directed  siRNA  (PGDH).  Protein  extracts  were  obtained  at  48  (lane  2)  or  72  h  (lane  3).  The  expression  levels  of  15-PGDH 
were  determined  by  Western  blot  analysis.  Actin  detection  was  included  as  a  loading  control.  B  15-PGDH  stable 
transfection  in  PC-3  cells.  Two  independent  clones  of  PC-3  cells  transfected  with  the  construct  pcDNAI -15-PGDH  (PGDH, 
lanes  3  to  6)  cDNA  or  with  the  empty  vector  (Control,  lanes  1  and  2),  were  treated  with  10  nMol/L  calcitriol  for  48  h, 
harvested  and  15-PGDH  and  COX-2  levels  were  determined  by  Western  blot.  Actin  immunodetection  was  used  as  loading 
control.  C,  effects  of  15-PGDH  over-expression  on  the  growth  inhibitory  actions  of  calcitriol  in  PC-3  cells  stably  transfected 
with  pcDNAI  vector  (empty  columns)  or  PGDH  construct. (gray  columns)  PC-3  cells  were  treated  with  0.1%  ethanol  vehicle 
(-)  or  the  indicated  concentration  of  calcitriol  (Cal).  St  indicated  the  levels  of  DNA  at  the  beginning  of  the  assay.  Cell  growth 
was  determined  by  measuring  the  DNA  content.  DNA  contents  are  given  as  percentage  of  control  pcDNA  transfected  cell 
value  set  at  100%.  100%  DNA  content  for  control  pcDNAI  cells  =  39.12  +  6.21  jig/well;  100%  DNA  content  for  PGDH10 
PC-3  cells  =  22.48  +  9.66  iig/well.  Columns,  mean  from  two  experiments;  bars,  SD.  *,  P  <  0.05  when  compared  with  control. 


The  effects  of  15-PGDH  on  the  growth  inhibitory  effects  of  the  calcitriol  can  be  alternatively 
studied  by  over-expressing  the  protein  in  15-PGDH-negative  cells.  We  decide  stably  transfected  PC- 
3  cells  with  the  15-PGDH  cDNA,  since  PC-3  cells  lack  detectable  levels  of  15-PGDH  (1).  After  the 
transfection,  G418-resistant  cells  were  screened  for  15-PGDH  expression  by  immuno-detection  of 
the  protein  using  Western  blots  and  by  measuring  the  levels  of  secreted  PGE2  in  the  conditioned 
media  of  transfected  cells  (data  not  shown).  We  obtained  two  independent  clones  of  PC-3  cells 
expressing  15-PGDH.  One  of  them  expressed  high  levels  of  the  active  enzyme  as  indicated  by  a  10- 
fold  reduction  on  the  secreted  PGE2  levels.  Interestingly,  we  were  no  longer  able  to  detect  COX-2 
protein  expression  in  these  cells  using  Western  blot  (lanes  5  and  6,  Figure  IB)  In  contrast,  the 
protein  was  detected  in  the  control  cells  (pcDNAI -transfected  cells,  (lanes  1  and  2,  Figure  2B)  and  in 
the  low  (with  2-fold  reduction  in  PGE2  levels  respect  to  the  pcDNAI  transfected  cells)  15-PGDH 
expressing  clones  s  (lanes  3  and  4,  Figure  2B).  We  next  examined  the  effects  of  the  15-PGDH  over¬ 
expression  on  the  growth  inhibitory  actions  of  calcitriol  in  PC-3  cells  transfected  with  the  empty 
pcDNAI  vector  or  the  high  15-PGDH  expressing  clone.  The  starting  levels  of  DNA  (St  columns. 
Figure  2C)  were  comparatively  the  same  in  both  pcDNAI  cells  or  in  PGDH  cells.  At  the  end  of  the 
six-day  treatment,  the  DNA  levels  in  the  control  of  pcDNAI  cells  was  notably  higher  (39.12  ±  6.21  |ig 
DNA/well)  than  in  those  cells  over-expressing  15-PGDH  (22.48  +  9.66  |ag  DNA/well).  In  the  pcDNAI - 
transfected  cells  (empty  columns.  Figure  2C),  calcitriol  had  a  modest  effect  ('^20%)  at  1  nmol/L  but 
caused  significant  growth  inhibition  ('*40%)  at  10  nmol/L.  These  effect,  however,  is  lost  in  those  cells 
over-expressing  15-PGDH  (gray  colums.  Figure  2C).  As  indicated,  the15-PGDH  expressing  PC-3 
cells  we  used  have  a  comparatively  reduced  levels  of  COX-2  expression  and  markedly  reduced 
levels  of  PGE2.  Also,  we  found  a  comparatively  lower  rate  of  growth  in  these  cells  when  compared  to 
the  empty  vector  transfected  cells.  This  already  slow  proliferative  state  may  limit  the  effects  of 
calcitriol.  We  believe  that  this  unforeseen  aspect  of  the  approach  can  be  salved  by  using  inducible 
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expression  systems  to  direct  the  levels  and  time  of  15-PGDH  expression,  allowing  the  cells  to 
develops  normally  until  treated  with  calcitriol. 

We  previously  found  that  calcitriol  significantly  reduced  the  mRNA  and  protein  expression  of 
COX-2  {1).  We  hypothesize  that  the  decrease  on  COX-2  expression  by  calcitriol  has  a  role  on  the 
growth  inhibitory  actions  of  the  hormone.  Our  approach  was  to  over-express  COX-2  in  PCa  cells  and 
then  evaluate  the  effects  of  this  over-expression  on  the  ability  of  calcitriol  to  inhibit  the  growth  of 
these  cells.  We  first  cloned  the  full-length  COX-2  cDNA  in  the  pcDNA3.1(-)  expression  plasmid  (see 
Methods).  We  stably  transfected  PC-3  with  these  plasmids.  After  the  selection  with  G418,  we 
screened  for  COX-2  over  expression  in  Western  blot  assays.  We  obtained  two  independent  clones  of 
PC-3  cells  over-expressing  COX-2  (Figure  3C).  We  will  use  these  cells  to  evaluate  the  effects  of  this 
over-expression  on  the  ability  of  calcitriol  to  inhibit  their  growth. 

PC-3  cells 


-COX-2 


◄— Actin 

Vector  pCOX-2  I  pCOX-2  II 


Figure  3.  COX-2  over-expression  in  PC-3  ceiis.  PC-3  cells  were  stably  transfected  with  the  plasmid  construct  pCOX-2.  A, 
COX-2  overexpression  was  assessed  by  Western  blot  analysis.  Actin  immuno-detection  was  used  as  loading  control. 


KEY  RESEARCH  ACCOMPLISHMENTS 
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Training  accomplishments 

Dr.  Moreno  has  spent  her  time  performing  experiments  in  the  laboratory  of  Dr.  David 
Feldman,  under  the  guidance  of  Dr.  Feldman  and  Dr.  Aruna  Krishnan,  a  very  experienced  Research 
Scientist. 

Dr.  Moreno  has  periodically  presented  her  data  to  the  group  of  collaborators  from  the 
laboratories  of  Dr.  Feldman  and  Dr.  Donna  Peehl,  a  long  time  collaborator,  at  the  weekly  lab 
meetings.  Dr.  Moreno  has  made  formal  presentations  to  the  Stanford  Prostate  Cancer  Group  and  to 
the  Department  of  Urology  Research  Conference. 

Dr.  Moreno  attended  classes  in  “Responsible  Conduct  of  Research”,  once  a  week  for  eight 
consecutive  weeks  in  the  period  of  September-November,  2004.  The  course  was  comprised  of 
lectures  on  environmental  health  and  safety,  use  and  protection  of  human  subjects  and  lab  animals, 
conflicts  of  interest,  publication,  intellectual  property  and  data,  error,  negligence  or  misconduct  and 
response  to  violations  of  ethical  standards.  She  also  received  a  lecture  on  “How  to  Write  a  Grant”  on 
December  2005.  This  lecture  sponsored  by  the  Office  of  Postdoctoral  Affairs  is  a  training  workshop 
was  dedicated  to  examine  the  mechanisms  of  writing  and  assembling  an  NIH  grant.  During  the 
period  of  January  to  April  2006,  Dr.  Moreno  attended  the  series  of  Scientific  Management,  developed 
by  the  by  the  Office  of  Postdoctoral  Affairs  and  designed  to  provide  with  laboratory  and  research 
management  skills  to  launch  a  productive  independent  career. 

Dr.  Moreno  has  also  gained  experience  in  prostate  cancer  biology,  normal  and  abnormal 
prostate  cell  function,  prostate  cancer  therapy,  chemoprevention  strategies  and  the  design  of  new 
treatment  therapies  to  delay  or  prevent  prostate  cancer  progression.  The  methods  employed  focus 
on  hormone  action,  nuclear  receptors,  and  regulation  of  target  gene  transcription  and  protein 
expression  as  well  as  metabolic  studies  of  enzymatic  activity  and  regulation  of  gene  product 
concentration.  The  methods  applied  included  cell  culture,  gene  expression  analysis  by  real  time  RT- 
PCR,  Western  blot,  gene  regulation  studies,  transfection  and  reporter  gene  assays. 

During  the  period  of  September  2004  to  September  2006,  Dr.  Moreno  completed  the 
publication  of  six  papers,  three  of  them  directly  related  to  this  fellowship  published  in  the  Journal  of 
Steroid  Biochemistry  and  Molecular  Biology,  Cancer  Research  and  Anticancer  Research  (see 
Appendix  1-Biosketch).  The  results  of  the  current  project  have  also  been  presented  at  several 
meetings:  (1)  by  Dr.  Feldman  at  the  10’^  Prouts  Neck  Meeting  on  Prostate  Cancer,  in  Maine  in 
October  2004,  (2)  at  the  Vitamin  D  Symposium  on  Cancer,  organized  by  the  NIH:  Chemoprevention 
&  Cancer  Treatment:  Is  there  a  role  for  vitamin  D,  1a,25(OH)2-vitamin  D3  or  new  analogs 
(deltanoids)",  in  November,  2004  in  Bethesda,  Maryland,  (3)  at  the  2nd  Int.  Symposium  on  Vitamin  D 
Analogs  in  Cancer  Prevention  and  Therapy.  May  2005,  Lubeck,  Germany,  (4)  by  Dr.  Moreno  at  the 
Endocrine  Society’s  87*'^  Annual  Meeting,  in  San  Diego  California  in  June  2005  and  (5)  at  the 
Endocrine  Society’s  88*^  Annual  Meeting,  in  Boston  Massachusetts  in  June  2006. 
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Research  accomplishments 

The  major  part  of  the  scientific  accomplishments  is  described  in  detail  in  the  paper  published  in 
Cancer  Research  (Vol.  65:  7917,  Sept.  2005),  found  in  the  Appendix. 

Calcitriol  exhibits  anti-proliferative  and  pro-differentiation  effects  in  prostate  cancer.  Our  goal 
is  to  further  define  the  mechanisms  underlying  these  actions.  We  studied  established  human  prostate 
cancer  cell  lines  and  showed  that  calcitriol  interferes  with  the  metabolism  of  prostaglandins  (PGs), 
known  stimulators  of  prostate  cell  growth  in  three  ways: 

-  Calcitriol  significantly  repressed  the  mRNA  and  protein  expression  of  prostaglandin 
endoperoxide  synthase/cyclooxygenase-2  (COX-2),  the  key  PG  synthesis  enzyme. 

-  Calcitriol  up-regulated  the  expression  of  15-hydroxyprostaglandin  dehydrogenase,  the 
enzyme  initiating  PG  catabolism. 

-  We  found  that  this  dual  action  was  associated  with  decreased  prostaglandin  E2  secretion  into 
the  conditioned  media  of  prostate  cancer  cells  exposed  to  calcitriol. 

-  Calcitriol  also  repressed  the  mRNA  expression  of  the  PG  receptors  EP2  and  FP,  providing  a 
potential  additional  mechanism  of  suppression  of  the  biological  activity  of  PGs. 

-  Calcitriol  treatment  attenuated  PG-mediated  functional  responses,  including  the  stimulation  of 
prostate  cancer  cell  growth  and  the  up-regulation  of  PG  target  genes  as  c-fos. 

-  The  combination  of  calcitriol  with  NSAIDs  synergistically  acted  to  achieve  significant  prostate 
cancer  cell  growth  inhibition  at  approximately  2  to  10  times  lower  concentrations  of  the  drugs 
than  when  used  alone. 

-  The  regulation  of  PG  metabolism  and  biological  actions  constitutes  a  novel  pathway  of 
calcitriol  action  that  may  contribute  to  its  anti-proliferative  effects  in  prostate  cells. 

-  We  propose  that  a  combination  of  calcitriol  and  nonselective  NSAIDs  might  be  a  useful 
chemo-preventive  and/or  therapeutic  strategy  in  men  with  prostate  cancer,  as  it  would  allow 
the  use  of  lower  concentrations  of  both  drugs,  thereby  reducing  their  toxic  side  effects. 

-  Based  on  these  observations  we  have  recently  initiated  a  clinical  trial  of  calcitriol  and 
naproxen  combination  in  PCa  patients  with  advanced  androgen-independent  disease  who 
have  failed  other  therapies.  The  regimen  includes  very  high  doses  of  calcitriol  (45  micrograms 
of  DN-101  from  Novacea)  once  weekly  combined  with  naproxen  (400  mg,  twice  daily)  and  the 
initial  results  are  promising  (Srinivas  et  al,  unpublished  observations). 
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REPORTABLE  OUTCOMES 
Publications: 

Moreno  J.,  Krishnan  A.V.,  Swami  S.,  Nonn  L.,  Peehl  D.M.,  Feldman,  D.  2005.  Regulation  of 
prostaglandin  metabolism  by  calcitriol  attenuates  growth  stimulation  in  prostate  cancer  cells. 
Cancer  Res.  65:  7917-7925. 

Moreno,  J.,  Krishnan,  A.V.,  Feldman,  D.  2005.  Molecular  mechanisms  mediating  the  anti¬ 
proliferative  effects  of  Vitamin  D  in  prostate  cancer.  J.  Steroid.  Biochem.  Mol.  Biol.  97:  31-36. 
Moreno,  J.,  Krishnan,  A.V.,  Feldman,  D.  2006.  Mechanisms  of  vitamin  D-mediated  growth 
inhibition  in  prostate  cancer  cells:  inhibition  of  the  prostaglandin  pathway. 
Anticancer  Res.  26(4A):  2525-2530. 

Krishnan  AV,  Moreno  J,  Nonn  L,  Swami  S,  Peehl  DM  and  Feldman  D.  Calcitriol  as  a 
Chemopreventive  and  Therapeutic  Agent  in  Prostate  Cancer:  Role  of  Anti-inflammatory 
Activity.  J.  Bone  Minerai.  Res.  In  press. 


Scientific  Meetings: 

Feldman,  D.,  Moreno,  J.,  Krishnan  A.V.  Pathways  mediating  the  growth  inhibitory  actions  of 
Vitamin  D  in  prostate  cancer.  10*'^  Prouts  Neck  Meeting  on  Prostate  Cancer,  Prouts  Neck, 
Maine  October  2004, 

Feldman,  D.,  Moreno,  J.,  Krishnan  A.V.  Pathways  mediating  the  growth  inhibitory  actions  of 
Vitamin  D  in  prostate  cancer.  Vitamin  D  symposium:  Cancer  Chemoprevention  &  Cancer 
Treatment:  Is  there  a  role  for  vitamin  D,  1a,25(OH)2-vitamin  D3  or  new  analogs  (deltanoids)" 
November,  2004,  Bethesda,  Maryland. 

Moreno,  J.,  Krishnan,  A.V.,  Feldman,  D.  Pathways  mediating  the  growth  inhibitory  actions  of 
Vitamin  D  in  prostate  cancer.  Abstracts  of  the  2nd  Int.  Symposium  on  Vitamin  D  Analogs  in 
Cancer  Prevention  and  Therapy.  May  2005,  Liibeck,  Germany.  Anticancer  Res.  25.  2290. 
Moreno  J.,  Krishnan  AV,  Feldman  D.  Regulation  of  prostaglandin  metabolism  by  calcitriol: 
Potential  role  in  the  treatment  of  prostate  cancer.  Endocrine  Society’s  87*'^  Annual  Meeting,  in 
San  Diego  California,  June  2005. 

Moreno  J.,  Krishnan  AV,  Peng  L,  Swami  S,  Johnson  C,  Feldman  D.  Regulation  of 
prostaglandin  metabolism  by  calcitriol.  Endocrine  Society’s  88‘^  Annual  Meeting,  in  Boston 
Massachusetts,  June  2006. 

Clinical  Trial. 

Our  findings  have  now  been  translated  to  a  clinical  trial  in  men  with  advanced,  androgen- 
independent  prostate  cancer  who  have  failed  other  therapies.  The  trial  is  being  carried  out  by  Dr. 
Sandy  Srinivas,  a  medical  oncologist  who  runs  the  urology  cancer  section  at  Stanford  University 
School  of  Medicine  with  the  assistance  of  Dr.  Feldman.  The  protocol  includes  DN  101  (Novacea)  45 
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micrograms  once  weekly  and  naproxen  400  mgms  twice  daily.  At  this  time  12  patients  have  been 
entered  into  the  trial  and  accrual  is  continuing.  A  majority  of  the  pateints  have  shown  a  prolongation 
of  the  PSA  doubling  time  indicating  a  slowing  of  the  prostate  cancer  growth.  Considering  that  these 
men  have  failed  all  other  therapies,  this  finding  is  very  encouraging  of  a  unique  benefit  of  this 
therapeutic  regimen. 
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Our  research  is  directed  at  understanding  the  molecular  mechanisms  of  the  anti-proliferative 
activity  of  calcitriol  in  prostate  cells  with  the  goal  of  developing  strategies  to  improve  PCa  treatment. 
Using  cDNA  microarrays  we  have  recently  found  that  calcitriol  modulates  the  expression  genes 
involved  in  PG  metabolism.  Calcitriol  reduces  the  expression  of  COX-2  gene,  the  enzyme  that 
catalyzes  PG  synthesis  and  up-regulates  the  expression  of  15-PGDH  gene,  the  enzyme  involved  in 
PG  inactivation.  In  the  current  project  we  found  that  calcitriol  acts  by  three  separate  mechanisms: 
decreasing  COX-2  expression,  increasing  15-PGDH  expression,  and  reducing  PG  receptor  mRNA 
levels.  We  believe  that  these  actions  contribute  to  suppress  the  proliferative  stimulus  provided  by  PGs 
in  prostate  cancer  cells.  Calcitriol  treatment  attenuated  PG-mediated  functional  responses,  including 
the  stimulation  of  prostate  cancer  cell  growth,  the  secretion  of  PGs  to  the  conditioned  media  of  PCa 
cells  treated  with  calcitriol  and  blocking  the  up-regulation  of  PG  target  genes.  The  combination  of 
calcitriol  with  nonsteroidal  anti-inflammatory  drugs  (NSAIDs),  known  inhibitors  of  the  enzymatic 
activity  of  COX-2,  synergistically  acted  to  achieve  significant  prostate  cancer  cell  growth  inhibition  at 
-2  to  10  times  lower  concentrations  of  the  drugs  than  when  used  alone.  The  regulation  of  PG 
metabolism  and  biological  actions  constitutes  an  additional  novel  pathway  of  calcitriol  action 
mediating  its  anti-proliferative  effects  in  prostate  cells.  We  propose  that  a  combination  of  calcitriol  and 
a  nonselective  NSAID,  such  as  naproxen,  might  be  a  useful  therapeutic  and/or  chemo-preventive 
strategy  in  prostate  cancer,  as  it  would  achieve  greater  efficacy  and  allow  the  use  of  lower 
concentrations  of  both  drugs,  thereby  reducing  their  toxic  side  effects.  The  action  of  calcitriol  at  the 
genomic  level  to  suppress  COX-2  gene  expression  will  decrease  the  levels  of  COX-2  protein  and 
allow  the  use  of  lower  the  concentrations  of  NSAIDs  needed  to  inhibit  COX-2  enzyme  activity.  The 
most  significant  contribution  of  the  present  project  was  the  establishment  of  a  rationale  for  the 
treatment  advanced  PCa.  Recently  Drs.  S.  Srinivas  and  D.  Feldman  at  Stanford  University  have 
initiated  a  clinical  trial  treating  patients  with  advanced  androgen-independent  disease  who  have  failed 
other  therapies  with  a  combination  of  calcitriol  and  naproxen.  The  regimen  includes  very  high  doses 
of  calcitriol  (45  micrograms  of  DN-101  from  Novacea)  once  weekly  combined  with  naproxen  (400  mg, 
twice  daily).  The  initial  results  indicate  a  reduction  of  the  PSA  rise  in  some  patients  (Srinivas  et  al, 
unpublished  observations). 
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Abstract 

Calcitriol  (1,25 -dihydroxy vitamin  D3)  inhibits  the  growth  and  stimulates  the  differentiation  of  prostate  cancer  (PCa)  cells.  The  effects  of 
calcitriol  are  varied,  appear  to  be  cell-specific  and  result  in  growth  arrest  and  stimulation  of  apoptosis.  Our  goal  was  to  define  the  genes 
involved  in  the  multiple  pathways  mediating  the  anti-proliferative  effects  of  calcitriol  in  PCa.  We  used  cDNA  microarray  analysis  to  identify 
calcitriol  target  genes  involved  in  these  pathways  in  both  LNCaP  human  PCa  cells  and  primary  prostatic  epithelial  cells.  Interestingly,  two  of 
the  target  genes  that  we  identified  play  key  roles  in  the  metabolism  of  prostaglandins  (PCs),  which  are  known  stimulators  of  PCa  cell  growth 
and  progression.  The  expression  of  the  PG  synthesizing  cyclooxygenase-2  (COX-2)  gene  was  significantly  decreased  by  calcitriol,  while  that 
of  PG  inactivating  15 -prostaglandin  dehydrogenase  gene  (15-PGDH)  was  increased.  We  postulate  that  this  dual  action  of  calcitriol  would 
reduce  the  levels  of  biologically  active  PGs  in  PCa  cells  decreasing  their  proliferative  stimulus  and  contribute  to  the  growth  inhibitory  actions 
of  calcitriol.  In  addition,  we  propose  that  calcitriol  can  be  combined  with  non-steroidal  anti-infiammatory  drugs  that  inhibit  COX  activity,  as 
a  potential  therapeutic  strategy  to  improve  the  potency  and  efficacy  of  both  drugs  in  the  treatment  of  PCa. 

©  2005  Elsevier  Ltd.  All  rights  reserved. 

Keywords:  CYP24;  CYP27B1;  VDR;  cDNA  arrays;  Target  genes;  Prostaglandins;  15-PGDH;  COX-2;  NSAIDs 


1.  Introduction 

Prostate  cancer  (PCa)  is  the  most  commonly  diagnosed 
malignancy  and  the  second  leading  cause  of  cancer  death  in 
North  American  men.  Primary  therapy  to  treat  PCa  involves 
the  surgical  removal  of  the  prostate  or  radiation  therapy. 
However,  in  many  men  the  cancer  progresses  to  advanced 
or  metastatic  disease.  Androgens  play  a  crucial  role  in  the 
development,  growth  and  maintenance  of  the  prostate.  Most 
patients  with  metastatic  PCa  who  have  failed  the  primary 
therapy,  receive  drugs  that  block  the  production  of  andro¬ 
gens  [1].  Although  most  men  have  a  good  initial  response 
to  the  androgen  deprivation  therapy,  almost  all  of  them 
will  eventually  relapse  after  an  average  of  2-3  years.  This 
progression  develops  when  the  cancer  has  evolved  from 
androgen-dependent  to  androgen-independent  PCa  (AIPC) 
with  limited  treatment  options  and  becomes  ultimately  lethal. 
1,25 -Dihydroxy vitamin  D3  (calcitriol),  the  active  metabolite 
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of  Vitamin  D,  has  emerged  in  recent  years  as  a  promising 
therapeutic  agent  in  the  treatment  of  PCa  [2-11].  Calcitriol 
is  an  important  regulator  of  calcium  homeostasis  and  bone 
metabolism  through  its  actions  in  intestine,  bone,  kidney 
and  the  parathyroid  glands  [12].  In  addition  to  these  clas¬ 
sical  actions,  calcitriol  also  exerts  anti-proliferative  and  pro- 
differentiating  effects  in  a  number  of  tumors  and  malignant 
cells  including  PCa  raising  the  possibility  of  its  use  as  an 
anti-cancer  agent. 

2.  Calcitriol  and  prostate  cancer 

2.7.  Epidemiological  and  genetic  studies 

PCa  development  has  been  shown  to  be  associated  with 
age,  genetic  factors  and  race  [1].  Various  studies  indicate  that 
dietary  [13]  and  environmental  factors  also  play  a  role  in  PCa 
genesis.  Epidemiological  data  provide  a  strong  correlation 
between  the  exposure  to  sunlight  and  the  prevalence  of  cer¬ 
tain  cancers,  particularly  prostate  cancer  [14].  Since  UV  light 
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is  essential  for  Vitamin  D  synthesis  in  the  skin,  these  studies 
have  led  to  the  suggestion  that  low  circulating  levels  of  cal- 
citriol  increase  the  probability  of  developing  PCa.  Moreover, 
polymorphisms  in  the  gene  encoding  the  Vitamin  D  receptor 
(VDR),  which  mediates  the  biological  activity  of  calcitriol, 
may  be  involved  in  the  development  and  or  progression  of 
PCa  [2-11,13,15]. 

2.2.  Prostate  as  a  target  for  calcitriol 

Many  studies  have  demonstrated  a  beneficial  effect  of 
calcitriol  to  inhibit  PCa  growth  and  progression  [2-11].  Cal¬ 
citriol  exerts  anti-proliferative  actions  in  several  PCa  cell 
lines  [16-18],  as  well  as  in  primary  cultures  of  normal  and 
cancer  cells  derived  from  surgical  specimens  taken  from  men 
with  PCa  [19].  The  inhibition  of  PCa  cell  growth  is  seen 
in  both  androgen-dependent  and  AIPC  cells  [20].  Several 
in  vivo  studies  on  tumor  xenografts  established  by  trans¬ 
planting  clinical  prostate  tumors  or  cultured  human  PCa 
cells  into  immune-deficient  mice  have  also  demonstrated  the 
tumor  inhibitory  effects  of  calcitriol  [2-11].  The  concentra¬ 
tions  of  calcitriol  required  for  eliciting  a  significant  growth 
inhibitory  response  in  vivo  causes  hypercalcemia  as  a  side 
effect.  Therefore,  investigators  have  used  structural  analogs 
of  calcitriol  that  exhibit  reduced  calcemic  effects  in  in  vivo 
studies  [2-7,16].  Recent  findings  suggest  that  large  doses  of 
calcitriol  can  be  safely  given  to  patients  if  administered  inter¬ 
mittently  [8,10]. 

3.  The  role  of  calcitriol  metabolism  in  cellular 
responsiveness  to  the  hormone 

3. 1.  25-Hydroxyvitamin  D3-I -a -hydroxylase  ( CYP27B1 ) 

25 -Hydroxy vitamin  D3-l-a-hydroxylase  (la-hydroxy¬ 
lase  or  CYP27B1)  is  the  enzyme  mediating  the  conversion 
of  25(0H)D3  to  calcitriol  in  the  kidney,  which  is  the  major 
site  of  calcitriol  synthesis  [  12] .  Interestingly,  it  has  been  found 
that  la-hydroxylase  is  also  expressed  in  tissues  other  than  the 
kidney  including  the  prostate  [21] .  This  suggests  that  prostate 
tissue  is  able  to  produce  calcitriol  locally  and  raises  the  pos¬ 
sibility  that  hypercalcemia  could  be  bypassed  by  treatment 
with  25(0H)D3.  However,  we  and  others  [22,23]  demon¬ 
strated  a  substantial  reduction  in  la-hydroxylase  activity  in 
human  PCa  cell  lines  and  cancer  derived  primary  prostate 
epithelial  cells  compared  to  the  cells  derived  from  normal 
prostate  or  benign  prostatic  hyperplasia  (BPH).  Based  on 
these  findings  we  speculate  that  administration  of  25(OH)D3 
to  patients  is  unlikely  to  be  effective  as  treatment  of  estab¬ 
lished  PCa.  However,  the  fact  that  normal  cells  exhibit  high 
1  a-hydroxylase  activity  indicates  that  25(OH)D3  may  be  use¬ 
ful  as  a  chemopreventive  agent  due  to  its  local  conversion  to 
the  active  hormone  within  the  normal  prostate.  The  cause  for 
the  decreased  expression  of  la-hydroxylase  in  cancer  cells 
remains  to  be  determined. 


3.2.  Differential  sensitivity  to  calcitriol  action  and 
24 -hydroxylase  (CYP24)  expression 

24-Hydroxylase  or  CYP24  is  the  enzyme  that  initiates 
calcitriol  catabolism  in  target  cells  [12].  Calcitriol  induces 
the  expression  of  CYP24  in  target  cells.  Therefore,  calcitriol 
initiates  its  own  inactivation.  CYP24  is  widely  expressed  in 
calcitriol  target  tissues  including  the  prostate  [16].  We  and 
others  have  demonstrated  that  the  anti-proliferative  action  of 
calcitriol  varies  among  PCa  cells  and  is  inversely  related  to 
the  level  of  CYP24  [16,18].  For  example,  the  DU145  PCa 
cells,  which  are  resistant  to  the  growth  inhibitory  action  of 
calcitriol,  exhibit  a  high  expression  of  CYP24.  Treatment  of 
the  DU  145  cells  with  liarozole,  an  inhibitor  of  P450  enzymes, 
sensitizes  the  cells  to  the  anti-proliferative  actions  of  calcitriol 
[24] .  Similarly,  Peehl  et  al.  showed  that  the  combined  treat¬ 
ment  with  the  general  P450  inhibitor,  ketoconazole  and  cal¬ 
citriol  or  its  analog  EB  1089,  increased  their  growth  inhibitory 
actions  [25].  These  results  strongly  suggest  that  the  combi¬ 
nation  of  calcitriol  with  P450  inhibitors  is  a  useful  strategy  to 
enhance  the  anti-cancer  activity  of  calcitriol  in  PCa  treatment. 

4.  Clinical  studies  of  calcitriol  effects  in  PCa 

A  pilot  clinical  study  from  our  lab  provides  evidence  that 
calcitriol  effectively  slows  the  rate  of  rise  of  serum  pro¬ 
static  specific  antigen  (PSA)  in  patients  with  early  recurrent 
PCa  after  radical  prostatectomy  or  radiation  therapy  [26]. 
However,  the  amount  of  calcitriol  administered  was  limited 
by  the  development  of  hypercalciuria.  Recent  advances  in 
the  design  of  calcitriol  analogs  have  resulted  in  potential 
drugs  with  increased  potency  and  less  tendency  to  cause 
hypercalcemia  [2-11].  The  beneficial  effects  of  calcitriol 
have  been  observed  only  at  supra-physiological  concentra¬ 
tions  (>1  nmol/L).  These  high  concentrations  might  be  more 
safely  achieved  without  causing  persistent  hypercalcemia  if 
calcitriol  is  administered  intermittently  [8,10].  Recent  tri¬ 
als  using  intermittent  high  doses  of  calcitriol  in  combination 
with  chemotherapy  drugs  have  shown  a  beneficial  effect  in 
advanced  PCa  [27]  with  calcitriol  potentiating  the  anti-tumor 
effects  of  many  cytotoxic  agents  [28] .  Trump  et  al.  completed 
a  phase  II  study  of  calcitriol  and  dexamethasone  in  AIPC. 
This  study  showed  a  significant  slowing  in  PSA  rise  in  80% 
of  the  patients  with  the  stabilization  or  decrease  in  PSA  in 
34%  [  10] .  We  believe  that  calcitriol  or  a  new  analog  will  prove 
to  be  a  very  useful  adjunct  for  the  therapy  of  both  androgen- 
dependent  PCa  and  AIPC.  It  is  also  possible  that  calcitriol 
therapy  will  prove  to  be  useful  in  PCa  chemoprevention. 

5.  Molecular  mechanisms  mediating  anti-cancer 
response  to  calcitriol  in  PCa 

The  mechanisms  governing  the  anti-proliferative  actions 
of  calcitriol  are  not  fully  known  [2-11].  A  number  of 
important  pathways  have  been  shown  to  have  a  role  in 
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calcitriol-mediated  growth  inhibition.  A  primary  mechanism 
of  calcitriol  action  is  to  induce  cell  cycle  arrest  in  the  Gi/Gq 
phase.  The  growth  arrest  appears  to  be  due  to  an  increase 
in  the  expression  of  cyclin-dependent  kinase  inhibitors 
p22Waf/Cipi  p27^P^  a  decrease  in  cyclin-dependent 
kinase  2  (Cdk2)  activity,  accompanied  by  a  reduction  in 
the  nuclear  fraction  of  this  molecule  and  the  hyperphospho¬ 
rylation  of  the  retinoblastoma  protein  (pRb).  In  addition, 
calcitriol  induces  apoptosis  in  some  cells  and  down-regulates 
some  anti-apoptotic  genes,  like  bcl-2.  Loss  of  the  expression 
of  cell  cycle  regulators  has  been  associated  with  a  more 
aggressive  cancer  phenotype,  decreased  prognosis  and 
poorer  survival.  This  suggests  that  calcitriol  may  be  a 
suitable  therapy  to  inhibit  PCa  progression  [2-11].  Studies 
from  our  laboratory  have  implicated  the  increased  expression 
of  insulin-like  growth  factor  binding  protein- 3  (IGFBP-3) 
in  the  growth  inhibition  induced  by  calcitriol  which  in  turn 
increases  expression  [29].  Other  mechanisms  of 

calcitriol  actions  in  PCa  cells  include  the  stimulation  of  differ¬ 
entiation,  modulation  of  growth  factor  actions  and  the  inhibi¬ 
tion  of  invasion  and  metastasis  [2-11].  Some  in  vivo  studies 
have  also  demonstrated  that  the  inhibition  of  angiogenesis 
contributes  to  the  anti-tumor  effects  of  calcitriol  [2-11]. 


6.  Novel  calcitriol  target  genes 

We  performed  cDNA-microarray  analyses  of  normal  and 
cancer-derived  primary  prostatic  epithelial  cells  and  LNCaP 
human  PCa  cells  [30,31]  to  identify  the  molecular  targets  by 
which  calcitriol  mediates  its  effects  on  PCa  cells.  Table  1 
presents  some  of  the  genes  regulated  by  calcitriol  in  prostate 
cells.  Our  studies  have  recently  shown  that  calcitriol  regulates 
the  expression  of  the  genes  involved  in  prostaglandin  (PC) 
metabolism  which  has  led  us  to  hypothesize  a  new  pathway 
for  the  anti-cancer  activity  of  calcitriol,  namely  the  regulation 
of  PC  metabolism  [30,31]. 

6.1.  Calcitriol  effects  on  prostaglandin  metabolism 

Our  microarray  analyses  showed  that  calcitriol  up- 
regulates  the  expression  of  NAD"^ -dependent  15-hydroxy- 
prostaglandin  dehydrogenase  (15-PGDH)  in  LNCaP  and 
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-3  15-PGDH  COX-2 


Fig.  1.  Regulation  of  15-PGDH  and  COX-2  by  calcitriol  in  LNCaP  cells 
and  normal  primary  prostatic  epithelial  cells.  LNCaP  human  prostate  cancer 
cells  or  primary  human  prostatic  epithelial  cells  derived  from  normal  prostate 
were  treated  with  calcitriol  (50  nM)  for  6  (□)  or  24  h  (■).  PolyA'*'  RNA 
was  isolated  and  cDNAs  were  hybridized  to  a  24.192  element  array.  Data 
represent  mean  fold  of  increase  or  decrease  of  gene  expression.  (Adapted 
from  Krishnan  et  al.  [30]  and  Peehl  et  al.  [31].) 

normal  primary  prostate  epithelial  cells  (see  Fig.  1)  [30,31]. 
Calcitriol  also  suppresses  the  expression  of  prostaglandin- 
endoperoxide  synthase  gene,  also  known  as  cyclooxygenase- 
2  (COX-2)  in  LNCaP  cells  (see  Fig.  1).  We  have  confirmed 
calcitriol  regulation  of  these  two  genes  by  real  time  RT- 
PCR  analysis.  These  data  suggest  that  the  regulation  of  PC 
metabolism  could  be  an  important  molecular  pathway  of  cal¬ 
citriol  action  in  prostate  cells. 

6.1.1.  COX-2 

Prostaglandins  play  a  role  in  the  development  and  pro¬ 
gression  of  PCa  (for  a  review  see  Ref.  [32]).  Accumulating 
evidence  implicates  PCs  as  mediators  of  proliferation  of  PCa 

[33] .  PC  synthesis  begins  with  the  intracellular  release  of 
arachidonic  acid  (AA)  from  plasma  membrane  via  the  action 
of  phospholipase  A2.  COX  is  the  rate-limiting  enzyme  that 
catalyzes  the  conversion  of  AA  to  PCs  [34].  The  expres¬ 
sion  of  COX-2  is  rapidly  induced  by  a  variety  of  mitogens, 
cytokines,  tumor  promoters  and  growth  factors,  and  there¬ 
fore  COX-2  is  regarded  as  an  immediate-early  response  gene 

[34]  .  Compelling  evidence  from  genetic  and  clinical  studies 
indicates  that  increased  expression  of  COX-2  is  one  of  the 


Table  1 

Genes  modulated  by  calcitriol  in  prostate  cells 


Gene 

Cell  type 

Fold  change 

6h 

24  h 

Insulin-like  growth  factor  binding  protein- 3 

LNCaP 

2.42 

33.2 

Vitamin  D  24-hydroxylase 

Normal  prostate  primary  cells 

79.1 

82.5 

Vitamin  D  24-hydroxylase 

PCa-derived  epithelial  cells 

78.1 

46.1 

1 5-Hydroxyprostaglandin  dehydrogenase 

Normal  prostate  primary  cells 

1.2 

2.3 

1 5-Hydroxyprostaglandin  dehydrogenase 

LNCaP 

0.95 

2.66 

Cyclooxygenase-2 

LNCaP 

-0.66 

-2.13 

Adapted  from  Krishnan  et  al.  [30]  and  Peehl  et  al.  [31]. 
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key  steps  in  carcinogenesis.  Constitutive  and  high-levels  of 
COX-2  activity  have  been  detected  in  colon,  lung,  breast  and 
prostate  cancer  133,35].  It  is  known  that  high  levels  of  PGE2, 
one  of  the  products  of  COX-2  activity,  stimulate  epithelial 
cell  growth  133],  promote  cell  survival  and  invasion  136]. 
Several  studies  have  demonstrated  COX-2  over-expression 
in  prostate  adenocarcinoma  132,37]  suggesting  a  positive 
role  for  COX-2  in  prostate  tumorigenesis.  COX-2  expression 
appears  to  be  linked  to  cell  survival.  For  example,  COX-2 
over-expression  leads  to  the  stabilization  of  survivin  138], 
a  member  of  the  inhibitor  of  apoptosis  protein  family  that 
block  caspase  activation.  The  stabilization  of  survivin  alters 
the  balance  between  pro-  and  anti-apoptotic  pathways  lead¬ 
ing  to  resistance  to  apoptosis.  COX-2  expression  has  also 
been  associated  with  angiogenesis  and  tumor  metastasis  137] 
and  the  administration  of  a  COX-2  inhibitor  suppresses  the 
growth  of  prostate  tumor  xenograft  in  mice  by  inhibiting 
angiogenesis  132].  We  have  found  that  calcitriol  treatment 
decreases  COX-2  gene  expression  in  PCa  cells  (Fig.  1)  130]. 
Our  data  suggest  that  COX-2  suppression  by  calcitriol  might 
contribute  to  the  hormone’s  tumor  inhibitory  actions  and  anti¬ 
metastatic  potential. 

6.1.2.  15-PGDH 

15-PGDH  catalyzes  the  conversion  of  PGs  into  mostly 
inactive  15-keto  derivatives  139] .  A  growing  body  of  evidence 
has  implicated  15-PGDH  as  a  potential  target  for  cancer  ther¬ 
apy  140,41].  Various  studies  indicate  that  15-PGDH  acts  as 
a  putative  tumor  suppressor  gene  in  lung  cancer  141].  Back- 
lund  et  al.  142]  demonstrated  a  down-regulation  of  15-PGDH 
expression  in  colorectal  carcinoma.  15-PGDH  has  recently 
been  described  as  an  oncogene  antagonist  that  functions  as 
a  tumor  suppressor  in  colon  cancer  143].  The  study  found 
that  15-PGDH,  which  physiologically  antagonizes  COX-2, 
was  universally  expressed  in  normal  colon  specimens  but 
was  routinely  absent  or  severely  reduced  in  cancer  speci¬ 
mens.  The  study  also  showed  that  15-PGDH  expression  was 
induced  by  transforming  growth  factor  |3  (TGF(3)  and  that 
colon  tumor  cells  exhibited  mutations  in  TGF(3  receptors  or 
the  genes  involved  in  the  SMAD  signaling  pathway  explain¬ 
ing  the  decreased  15-PGDH  levels  in  colon  cancer.  Most 
importantly,  stable  transfection  of  a  15-PGDH  expression 
vector  into  cancer  cells  greatly  reduced  the  ability  of  the  cells 
to  form  tumors  and/or  slowed  tumor  growth  in  nude  mice.  The 
authors  concluded  that  15-PGDH  suppressed  the  effects  of 
the  oncogene  COX-2  and  had  an  additional  effect  to  inhibit 
angiogenesis  in  vivo  143].  Our  studies  show  an  up-regulation 
of  15-PGDH  gene  expression  by  calcitriol  in  normal  and 
malignant  prostate  cells  (Fig.  1)  130,31]  and  this  regula¬ 
tion  might  mediate  some  of  the  anti-cancer  effects  of  cal¬ 
citriol.  Interestingly,  calcitriol  has  also  been  shown  to  induce 
the  expression  of  15-PGDH  in  human  neonatal  monocytes 
[44]. 

Based  on  our  observations  summarized  in  Table  1,  we 
hypothesize  that  calcitriol  treatment  of  PCa  cells  would 
reduce  the  levels  of  biologically  active  PGs  due  to  its  dual 


actions  to  reduce  COX-2  expression  and  increase  15-PGDH 
expression.  We  further  propose  that  the  modulation  of  PG 
metabolism  is  an  important  molecular  mechanism  mediating 
the  anti-proliferative  and  anti-metastatic  activities  of  cal¬ 
citriol. 


7.  Calcitriol  and  NSAIDs 

Recent  exciting  findings  show  that  non-steroidal  anti¬ 
inflammatory  drugs  (NSAIDs)  exert  chemopreventive  effects 
in  several  cancers  [32,45].  NSAIDs  have  also  been  shown  to 
suppress  PCa  development  and  progression  [32,46].  The  pri¬ 
mary  action  of  NSAIDs  is  to  inhibit  PG  synthesis  by  directly 
inhibiting  the  enzymatic  activity  of  COX-1  as  well  as  COX- 
2.  Many  in  vitro  and  in  vivo  studies  have  demonstrated  that 
NSAIDs  inhibit  PCa  growth  and  cause  apoptosis  of  PCa 
cells  [32,45].  However,  many  NSAIDs  exhibit  differences 
between  their  ability  to  inhibit  COX-2  and  to  induce  apopto¬ 
sis  suggesting  that  apoptosis  induction  may  be  independent 
of  COX-2  inhibition  [47].  The  actions  of  NSAIDs  on  15- 
PGDH  are  not  clear.  While  many  NSAIDs  have  been  shown 
to  inhibit  the  enzymatic  activity  of  15-PGDH  [48],  the  non- 
selective  NS  AID  indomethacin  has  been  reported  to  enhance 
the  expression  and  activity  of  15-PGDH  in  thyroid  carcinoma 
[49]. 

We  hypothesize  that  the  combination  of  calcitriol  and 
NSAIDs  would  be  additive/synergistic  in  their  activity  to 
inhibit  PCa  growth.  The  action  of  calcitriol  at  the  genomic 
level  to  suppress  COX-2  gene  expression  will  decrease  the 
levels  of  COX-2  protein  and  allow  the  use  of  lower  concen¬ 
trations  of  NSAIDs  to  inhibit  COX-2  enzyme  activity.  The 
action  of  calcitriol  to  increase  15-PGDH  expression  would 
also  complement  NSAID  action.  The  use  of  COX-2  selec¬ 
tive  NSAIDs  has  recently  been  shown  to  cause  some  serious 
cardiovascular  side  effects,  such  as  increased  risk  of  heart 
attacks,  stroke,  sudden  death  and  blood  clots  [50].  The  unde¬ 
sirable  effect  of  calcitriol  therapy  is  limited  to  hypercalcemia. 
We  propose  that  a  combination  therapy  of  calcitriol  with 
a  NSAID  would  allow  the  use  of  lower  concentrations  of 
both  drugs,  thus  reducing  their  individual  side  effects  while 
increasing  their  anti-proliferative  and  pro-apoptotic  activi¬ 
ties. 


8.  Conclusions 

Our  research  is  directed  at  understanding  the  molecu¬ 
lar  mechanisms  of  the  anti-proliferative  activity  of  calcitriol 
in  prostate  cells  with  the  goal  of  developing  strategies  to 
improve  PCa  treatment.  Using  cDNA  microarrays  we  have 
recently  found  that  calcitriol  modulates  the  expression  genes 
involved  in  PG  metabolism.  Calcitriol  suppresses  the  expres¬ 
sion  of  COX-2  gene,  the  enzyme  that  catalyzes  PG  synthe¬ 
sis  and  up-regulates  the  expression  of  15-PGDH  gene,  the 
enzyme  involved  in  PG  inactivation.  We  hypothesize  that 
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calcitriol  treatment  of  PCa  cells  would  reduce  the  levels  of 
biologically  active  PGs  due  to  its  dual  actions  on  COX-2  and 
15-PGDH  expression,  and  thereby  decrease  the  PG-mediated 
proliferative  stimulus.  We  further  propose  that  the  calcitriol 
effects  would  complement  the  action  of  NSAIDs,  which  are 
known  inhibitors  of  both  COX-1  and  COX-2.  The  action 
of  calcitriol  at  the  genomic  level  to  suppress  COX-2  gene 
expression  will  decrease  the  levels  of  COX-2  protein  and 
allow  the  use  of  lower  the  concentrations  of  NSAIDs  needed 
to  inhibit  COX-2  enzyme  activity.  A  combination  of  calcitriol 
with  a  NS  AID  would  allow  the  use  of  lower  concentrations  of 
both  drugs,  thus  reducing  their  individual  side  effects  while 
increasing  their  anti-proliferative  and  pro-apoptotic  activi¬ 
ties.  The  combination  approach  is  an  attractive  therapeutic 
strategy  in  the  treatment  of  PCa  and  can  be  brought  to  clini¬ 
cal  trials  swiftly. 

Note  added  in  proof 

Since  this  paper  was  originally  written  we  have  used  real¬ 
time  PCR  and  Western  blot  analyses  to  confirm  that  calcitriol 
inhibits  PG  actions  in  human  PCa  cell  lines  and  primary  pro¬ 
static  epithelial  cells.  We  found  that  calcitriol  increased  the 
expression  of  15-PGDH,  reduced  the  expression  of  COX- 
2,  and  reduced  the  expression  of  EP2  and  FP  PG  receptors. 
These  three  calcitriol  actions  combine  to  decrease  secreted 
PGE2  and  block  cell  growth  stimulated  by  arachidonic  acid 
and  exogenous  PGs.  Moreover,  calcitriol,  in  combination 
with  various  NSAIDs,  produces  synergistic  inhibition  of  PCa 
cell  growth  at  lower  and  safer  drug  concentrations.  These  data 
suggest  that  calcitriol  and  NSAIDs  may  be  a  useful  combina¬ 
tion  for  chemotherapy  and/or  chemoprevention  of  PCa.  These 
new  findings  are  now  in  press  in  Cancer  Research  2005. 
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Abstract 

Caicitrioi  exhibits  antiproliferative  and  prodifferentiation 
effects  in  prostate  cancer.  Our  goal  is  to  further  define  the 
mechanisms  underlying  these  actions.  We  studied  established 
human  prostate  cancer  cell  lines  and  primary  prostatic  epi¬ 
thelial  cells  and  showed  that  caicitrioi  regulated  the  expression 
of  genes  involved  in  the  metabolism  of  prostaglandins  (PGs), 
known  stimulators  of  prostate  cell  growth.  Caicitrioi  signifi¬ 
cantly  repressed  the  mRNA  and  protein  expression  of  prosta¬ 
glandin  endoperoxide  synthase/cyclooxygenase-2  (COX-2), 
the  key  PG  synthesis  enzyme.  Caicitrioi  also  up-regulated  the 
expression  of  15-hydroxyprostaglandin  dehydrogenase,  the 
enzyme  initiating  PG  catabolism.  This  dual  action  was 
associated  with  decreased  prostaglandin  E2  secretion  into 
the  conditioned  media  of  prostate  cancer  cells  exposed  to 
caicitrioi.  Caicitrioi  also  repressed  the  mRNA  expression  of 
the  PG  receptors  EP2  and  FP,  providing  a  potential  additional 
mechanism  of  suppression  of  the  biological  activity  of  PGs. 
Caicitrioi  treatment  attenuated  PG-mediated  functional 
responses,  including  the  stimulation  of  prostate  cancer  cell 
growth.  The  combination  of  caicitrioi  with  nonsteroidal  anti¬ 
inflammatory  drugs  (NSAIDs)  synergistically  acted  to  achieve 
significant  prostate  cancer  cell  growth  inhibition  at  ~  2  to  10 
times  lower  concentrations  of  the  drugs  than  when  used  alone. 
In  conclusion,  the  regulation  of  PG  metabolism  and  biological 
actions  constitutes  a  novel  pathway  of  caicitrioi  action  that  may 
contribute  to  its  antiproliferative  effects  in  prostate  cells.  We 
propose  that  a  combination  of  caicitrioi  and  nonselective 
NSAIDs  might  be  a  useful  chemopreventive  and/ or  therapeutic 
strategy  in  men  with  prostate  cancer,  as  it  would  allow  the  use 
of  lower  concentrations  of  both  drugs,  thereby  reducing  their 
toxic  side  effects.  (Cancer  Res  2005;  65(17):  7917-25) 

Introduction 

In  the  United  States,  prostate  cancer  remains  the  most  common 
solid  tumor  malignancy  in  men,  causing  ~  30,000  deaths  in  2005  (1). 
Effective  treatment  options  include  surgery  and  radiation  therapy. 
The  main  treatment  strategy  for  advanced  prostate  cancer  involves 
androgen  deprivation  therapy  to  which  patients  initially  respond 
very  well.  However,  most  patients  eventually  fail  this  therapy  and 
frequently  develop  metastatic  disease.  Current  research  on  prostate 
cancer  aims  to  identify  new  agents  that  would  prevent  and/or  inhibit 
its  progression. 
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1,25-Dihydroxyvitamin  D3  (caicitrioi),  the  active  form  of 
vitamin  D,  is  the  major  regulator  of  calcium  and  phosphate 
homeostasis  in  bone,  kidney,  and  intestine  (2).  However,  caicitrioi 
has  also  been  shown  to  exhibit  antiproliferative  and  prodiffer¬ 
entiation  effects  in  many  normal  and  malignant  cells  including 
prostate  cancer  cells  (3-10).  There  are  multiple  mechanisms 
underlying  the  antiproliferative  effects  of  caicitrioi,  which  vary 
between  target  cells  (10).  These  include  cell  cycle  arrest  (9,  11) 
and  the  induction  of  apoptosis  (12).  Several  genes  that  mediate 
these  growth  regulatory  effects  have  been  identified  to  be  the 
molecular  targets  of  caicitrioi  action,  such  as  p21,  p27,  bcl-2,  and 
insulin-like  groAvth  factor  binding  protein-3  {IGFBP-3;  refs.  5-14). 
We  recently  did  cDNA  microarray  analyses  to  more  fully 
characterize  the  spectrum  of  genes  regulated  by  caicitrioi  in 
prostate  cells  (15,  16).  Among  the  newly  identified  genes  regulated 
by  caicitrioi,  we  found  two  genes  which  play  a  key  role  in 
prostaglandin  (PG)  metabolism:  the  prostaglandin  endoperoxide 
synthase-2  or  cyclooxygenase  (COX)-2  and  the  NAD^-dependent 
15-hydroxyprostaglandin  dehydrogenase  (15-PGDH).  PGs  are 
synthesized  from  free  arachidonic  acid  (17)  by  COXs.  There  are 
two  well-characterized  COX  isoforms:  COX-1,  a  constitutive  form 
of  the  enzyme,  and  COX-2,  an  inducible  form  of  the  enzyme.  PGs 
are  implicated  in  the  initiation  and  progression  of  many 
malignancies  including  prostate  cancer  (18-20).  Tumor  cells  with 
elevated  COX-2  levels  are  highly  resistant  to  apoptosis,  show 
increased  angiogenic  potential,  and  exert  suppressive  effects  on 
host  immunity  (19,  20).  Nonsteroidal  anti-inflammatory  drugs 
(NSAIDs),  known  inhibitors  of  both  COX-1  and  COX-2  enzymatic 
activity,  are  under  intense  investigation  to  prevent  and/or  treat 
malignancies  (19,  21).  15-PGDH,  which  mediates  the  catalytic 
inactivation  of  PGs  by  converting  them  to  the  corresponding  keto 
derivatives,  has  been  found  to  be  down-regulated  in  some  cancers 
(22,  23)  and  has  recently  been  regarded  as  a  tumor  suppressor 
gene  (24). 

In  the  current  study,  we  investigated  the  regulation  of  COX-2  and 
15-PGDH  by  caicitrioi  in  the  androgen-dependent  LNCaP  and 
androgen-independent  PC-3  human  prostate  cancer  cell  lines  as  well 
as  in  primary  prostatic  epithelial  cells  derived  from  normal  and 
cancerous  human  prostate  tissue.  Caicitrioi  reduced  the  expression 
of  COX-2  and  increased  that  of  15-PGDH.  Caicitrioi  treatment  of 
prostate  cancer  cells  decreased  the  concentration  of  prostaglandin 
E2  (PGE2)  secreted  into  the  conditioned  medium.  In  addition, 
caicitrioi  also  decreased  the  expression  of  the  mRNA  of  PG  receptors 
EP2  and  FP.  Our  data  indicate  that  these  mechanisms  led  to  the 
attenuation  of  PG-mediated  functional  responses  by  caicitrioi, 
including  the  suppression  of  PG  stimulation  of  cell  growth.  Further, 
our  study  showed  that  the  combination  of  caicitrioi  and  NSAIDs 
exhibited  synergistic  groAvth  inhibition,  suggesting  that  the  combi¬ 
nation  might  be  a  useful  therapeutic  and/or  chemopreventive 
strategy  in  prostate  cancer. 
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Materials  and  Methods 

Materials 

PGE2,  prostaglandin  F2a  (PGF2a),  arachidonic  acid,  NS-398,  and  SC-58125 
were  obtained  from  Cayman  Chemical  Co.  (Ann  Arbor,  Ml).  Calcitriol  was  a 
gift  from  Leo  Pharma  A/S  (Ballerup,  Denmark).  All  stock  solutions  were 
made  in  100%  ethanol  and  stored  at  — 20°C.  Tissue  culture  media  were 
obtained  from  Mediatech,  Inc.  (Herndon,  VA).  Tissue  culture  supplements 
and  fetal  bovine  serum  (FBS)  were  obtained  from  Life  Technologies,  Inc. 
(Grand  Island,  NY). 

Methods 

Cell  culture.  LNCaP  (ATCC  no.  CRL-1740)  and  PC-3  (ATCC  no.  CRL-1435) 
cells  were  grown  in  RPMl  1640  supplemented  with  5%  FBS,  100  lU/mL  of 
penicillin,  and  100  pg/mL  streptomycin  (Life  Technologies).  Cells  were 
maintained  at  37 °C  with  5%  CO2  in  a  humidified  incubator.  Primary  cells 
were  derived  from  radical  prostatectomy  specimens  from  men  undergoing 
surgery  for  prostate  cancer  treatment.  None  of  the  patients  had  received  prior 
therapy  for  prostate  cancer.  The  normal  cell  strains  (E-PZ-1  to  -3)  were 
derived  from  peripheral  zone  tissue  with  no  histologic  evidence  of  cancer  in 
adjacent  sections.  The  cancer  cell  strains  used,  E-CA-1  (Gleason  grade  3/3), 
E-CA-2  (Gleason  grade  4/5),  and  E-CA-3  (Gleason  grade  4/3),  were  derived 
from  adenocarcinoma  specimens.  Primary  cell  cultures  were  established 
from  the  prostate  tissue  samples  and  propagated  in  culture  as  we  have 
previously  described  (25). 

Cell  proliferation  assay.  Prostate  cancer  cells  were  seeded  at  an  initial 
density  of  1.5  x  10^  cells/well  in  six-well  tissue  culture  plates  and  allowed  to 
attach  overnight  in  RPMl  1640  with  5%  FBS.  Cell  cultures  were  shifted  to 
medium  containing  2%  FBS  and  treated  in  triplicate  over  the  next  6  days  with 
either  0.1%  ethanol  vehicle  or  the  indicated  concentrations  of  drugs.  Fresh 
media  and  the  drugs  were  replenished  every  other  day.  At  the  end  of  the 
treatment,  the  cells  were  collected  by  gentle  scraping  and  subjected  to  lysis  in 
0.2  N  NaOH.  Cell  proliferation  was  assessed  by  the  determination  of  DNA 
content  (26). 

RNA  isolation  and  real-time  reverse  transcription-PCR.  Total  RNA 
was  isolated  from  vehicle  or  drug-treated  cells  by  the  Chomczynski  method 
using  Trizol  reagent  (Invitrogen,  Life  Technologies,  Inc.,  Carlsbad,  CA)  as 
previously  described  (15).  The  yield  and  purity  of  isolated  RNA  were  checked 
by  UV  spectrophotometry.  Five  micrograms  of  total  RNA  were  used  in  reverse 
transcription  reactions  using  the  Superscript  111  first  strand  synthesis  kit 
(Invitrogen).  Gene  expression  in  vehicle  or  calcitriol-treated  cells  was 
determined  by  real-time  PCR  using  the  reverse  transcription  product  and 
gene-specific  primers.  The  reactions  were  carried  out  with  the  DyNamo  SYBR 
Green  qPCR  kit  (Finnzymes,  Oy,  M.J.  Research,  Reno,  NV)  in  a  20  pL  reaction 
volume  containing  gene-specific  primers  (10  pmol).  All  real-time  PCR 
reactions  were  done  in  duplicate  according  to  the  following  program: 
incubation  at  72°C  for  5  minutes,  incubation  at  95°C  for  5  minutes,  and  40 
cycles  of  94° C  for  20  seconds,  58 °C  for  15  seconds,  and  72 °C  for  20  seconds. 
PCR  products  were  subjected  to  agarose  gel  electrophoresis  to  determine  the 
purity  and  size  of  the  amplified  products  (27).  Real-time  PCR  was  carried  out 
using  an  Opticon  2  DNA  engine  (M.J.  Research).  Relative  changes  in  mRNA 
expression  levels  were  assessed  by  the  method  (28).  Changes  in 

mRNA  expression  of  the  different  genes  were  normalized  to  that  of  TATA 
binding  protein  (TBP)  gene  or  glyceraldehyde-3-phosphate  dehydrogenase 
(GAPDH)  gene.  The  primers  used  were  as  follows:  COX-2:  5'-GATACTCAGG- 
CAGAGATGATCTACCC-3'  (sense),  5'-AGACCAGGCACCAGACCAAAGA-3' 
(antisense);  15-PGDH:  5'-GACTCTGTTCATCCAGTGCG-3'  (sense),  5'-CCTT- 
CACCTCCATTTTGCTTACTC-3'  (antisense);  c-fos:  5'-GAATAAGATGGCTG- 
CAGCCAAATGCCGCAA-3'  (sense),  5'-CAGTCAGATCAAGGGAAGCCACA- 
GACATCT-3'  (antisense;  ref.  29);  EP2:  5'-GTGCTGACAAGGCACTTCATGT-3' 
(sense),  5'-TGTTCCTCCAAAGGCCAAGTAC-3'  (antisense);  FP:  5'-GCACATT- 
GATGGGCAACTAGAA-3'  (sense),  5'-GCACCTATCATTGGCATGTAGCT-3' 
(antisense);  TBP:  5'-CACTCACAGACTCTCACAACTGC-3'  (sense),  5'- 
GTGGTTCGTGGCTCTCTTATC-3'  (antisense);  GAPDH:  5'-GCCTCAAGAT- 
CATCAGCA-3'  (sense),  5'-GTTGCTGTAGCCAAATTC-3'  (antisense). 

Measurement  of  prostaglandin  E2  secretion.  Subconfluent  LNCaP 
cells  were  treated  with  vehicle  or  calcitriol  for  48  hours.  Conditioned  media 
were  collected  and  secreted  PGE2  levels  were  quantitated  using  a  PGE2 


monoclonal  enzyme  immunoassay  kit  (Cayman  Chemical)  according  to  the 
protocol  of  the  manufacturer. 

Western  blot  analysis.  Cell  lysates  were  prepared  from  vehicle  or 
calcitriol-treated  cells  by  lysis  with  a  buffer  containing  50  mmol/L  Tris-HCl, 
1  mmol/L  EDTA,  and  1.6  mmol/L  CHAPS  (Sigma- Aldrich,  St.  Louis,  MO) 
supplemented  with  a  protease  inhibitor  cocktail  (Complet,  Roche 
Diagnostics  GmbH,  Mannheim,  Germany).  Lysates  were  incubated  at  4°C 
for  20  minutes  and  centrifuged  at  10,000  x  ^  for  1  minute  to  sediment 
particulate  material.  The  protein  concentration  of  the  supernatant  was 
measured  by  the  Bradford  method  (30).  Proteins  were  separated  in  either 
10%  NuPAGE  gels  in  MOPS-SDS  running  buffer  (Invitrogen)  or  10% 
polyacrylamide  Tris-Tricine  (Sigma- Aldrich)  gels  depending  on  the  size  of 
the  protein  to  be  detected.  After  electrophoresis,  proteins  were  transferred 
onto  nitrocellulose  membranes  by  electroblotting.  The  COX-2  monoclonal 
(1:1000  dilution)  and  15-PGDH  polyclonal  antibodies  (1:250  dilution)  used  in 
our  study  were  purchased  from  Cayman  Chemicals.  |3-Actin  monoclonal 
antibody  (dilution  1:500)  was  obtained  from  Santa  Cruz  Biotechnology,  Inc. 
(Santa  Cruz,  CA).  Membranes  were  incubated  with  the  appropriate  primary 
antibodies  followed  by  incubations  with  a  secondary  antibody  to 
immunoglobulin  G  conjugated  to  horseradish  peroxidase  (Cell  Signaling 
Technology,  Inc.,  Beverly,  MA).  Immunoreactive  bands  were  visualized  using 
the  enhanced  chemiluminescence  Western  blot  detection  system  (Amer- 
sham,  Piscataway,  NJ)  according  to  the  instructions  of  the  manufacturer. 
The  blots  were  also  probed  for  the  expression  of  |3-actin  as  a  control.  COX-2 
protein  was  visualized  as  a  —70  kDa  immunoreactive  band.  15-PGDH 
protein  was  visualized  as  a  —  29  kDa  immunoreactive  band.  Immunoreac¬ 
tive  bands  were  scanned  by  densitometry  (HP  Scanjet  7400C)  and 
quantified  using  Bio-Rad  software  (Bio-Rad,  Hercules,  CA).  COX-2  or  15- 
PGDH  signals  were  normalized  to  p-actin  levels  in  each  sample. 

Results 

We  previously  showed  by  cDNA  microarray  analysis  that  calcitriol 
regulated  the  expression  of  two  of  the  key  genes  involved  in  PG 
metabolism  (i.e.,  COX-2  and  15-PGDH)  in  LNCaP  human  prostate 
cancer  cells  (15)  and  15-PGDH  in  primary  normal  prostatic  epithelial 
cells  (16).  In  the  present  study,  we  extended  these  observations  to 
include  an  evaluation  of  calcitriol  effects  on  the  expression  of  these 
two  genes  at  both  the  mRNA  and  protein  levels  in  LNCaP  and  PC-3 
cells.  In  addition,  we  also  examined  the  effects  of  calcitriol  in 
primary  prostatic  epithelial  cell  strains  derived  from  normal 
prostate  as  well  as  prostate  adenocarcinoma  specimens. 

Down-regulation  of  cyclooxygenase-2  expression  by  calci- 
triol.  Real-time  reverse  transcription-PCR  (RT-PCR)  analysis 
showed  significant  decreases  in  COX-2  mRNA  levels  in  both 
androgen-dependent  LNCaP  (  —  70%  inhibition)  and  androgen- 
independent  PC-3  cells  (  —  45%  inhibition)  due  to  calcitriol 
treatment  (Fig.  \A).  Although  both  LNCaP  and  PC-3  prostate  cancer 
cells  have  been  shown  to  express  COX-2  protein  (31),  we  found  that 
PC-3  cells  exhibited  higher  basal  levels  of  COX-2  protein  expression 
when  compared  with  LNCaP  cells  (not  shown).  We  therefore  used 
PC-3  cells  to  assess  the  effect  of  calcitriol  on  COX-2  protein 
expression.  Figure  W  shows  that  the  addition  of  10  nmol/L  calcitriol 
to  PC-3  cultures  for  48  hours  reduced  COX-2  protein  level  to  —  60% 
of  control,  with  100  nmol/L  calcitriol  having  no  further  effect. 

Up-regulation  of  15-hydroxyprostaglandin  dehydrogenase 
expression  by  calcitriol.  We  examined  the  effect  of  calcitriol  on 
15-PGDH  mRNA  levels  in  LNCaP  and  PC-3  cells.  Our  data  show 
that  10  nmol/L  calcitriol  increased  15-PGDH  mRNA  expression  by 
-3.6-fold  in  LNCaP  cells  and  by  -3-fold  in  PC-3  cells  (Fig.  1C). 
We  found  that  the  basal  protein  expression  of  15-PGDH  varied 
between  different  cell  lines  with  the  LNCaP  exhibiting  appreciable 
levels  of  the  15-PGDH  protein  whereas  barely  detectable  levels 
were  seen  in  PC-3  cells.  Therefore,  we  examined  the  effect  of 
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Figure  1.  Calcitriol  regulates  COX-2 
and  15-PGDH  expression  in  prostate 
cancer  cell  lines.  A,  calcitriol  decreases 
COX-2  mRNA  levels.  Subconfluent 
cultures  of  LNCaP  and  PC-3  cells  were 
treated  with  0.1%  ethanol  (Con)  or  10 
nmol/L  calcitriol  (Cal)  for  24  hours  and  total 
RNA  was  extracted.  COX-2  mRNA  levels 
were  determined  by  real-time  RT-PCR  as 
described  in  Materials  and  Methods  and 
were  normalized  to  TBP  mRNA  levels  in 
the  same  samples.  COX-2/TBP  ratio 
shown  as  a  percent  of  control  set  at  100%; 
columns,  mean  from  five  experiments; 
bars,  SE.  B,  calcitriol  decreases  COX-2 
protein  levels.  Subconfluent  cultures  of 
PC-3  cells  were  treated  with  0.1%  ethanol 
{Con)  or  10  or  100  nmol/L  calcitriol  {Cal) 
for  48  hours.  Fifty  micrograms  of  total 
protein  were  subjected  to  Western  blot 
analysis  as  described  in  Materials  and 
Methods.  Representative  Western  blot. 
The  densitometric  units  of  COX-2 
immunoreactive  bands  were  normalized  to 
the  densitometric  units  of  the 
corresponding  |3-actin  bands.  Results 
expressed  as  the  ratio  of  the  control  set  at 
1.  C,  calcitriol  increases  15-PGDH  mRNA 
levels.  Cells  were  treated  and  processed 
as  described  in  A.  15-PGDH/TBP  ratio  in 
calcitriol-treated  cells  given  as  a  percent 
of  control  set  at  100%;  columns,  mean 
from  five  experiments;  bars,  SE.  D, 
calcitriol  increases  15-PGDH  protein 
levels.  LNCaP  cells  were  treated  as  in 
B.  The  densitometric  units  of  15-PGDH 
immunoreactive  bands  were  normalized  to 
the  densitometric  units  of  the 
corresponding  |3-actin  bands.  Results 
expressed  as  the  ratio  of  the  control  set 
at  1 ;  columns,  mean  of  three  experiments; 
bars,  SE.  *,  P  <  0.05;  **,  P  <  0.01,  when 
compared  with  control. 


calcitriol  on  15-PGDH  protein  expression  in  LNCaP  cells  and 
found  a  dose-dependent  increase  in  15-PGDH  protein  levels  in 
response  to  calcitriol  treatment  (Fig.  ID). 

Calcitriol  effects  on  cyclooxygenase-2  and  15-hydroxypros- 
taglandin  dehydrogenase  mRNA  levels  in  primary  prostatic 
epithelial  cells.  We  extended  our  analysis  to  include  calcitriol 
effects  on  primary  cultures  of  prostatic  epithelial  cells  derived  from 
normal  prostate  as  well  as  adenocarcinoma  specimens  removed  at 
surgery.  Real-time  RT-PCR  analysis  showed  considerable  decreases 
(55-90%)  in  COX-2  mRNA  levels  in  two  of  the  three  normal  primary 
cell  strains  tested  (E-PZ-1  and  E-PZ-3)  after  24  hours  of  calcitriol 
treatment  (Fig.  2A).  In  all  three  cancer-derived  primary  cultures 
(E-CA-1  to  -3)  significant  reductions  (  —  48-60%)  in  COX-2  mRNA 
levels  were  seen  at  an  earlier  time  point,  after  6  hours  of  calcitriol 
treatment,  and  the  down-regulatory  effect  was  lost  by  24  hours 
except  in  the  case  of  E-CA-2  (Fig.  2B).  Figure  2C  and  D  shows  the 
calcitriol-induced  changes  in  15-PGDH  mRNA  in  primary  prostatic 
cells.  In  the  normal  primary  cells,  calcitriol  treatment  caused 


appreciable  increases  in  15-PGDH  mRNA  in  two  of  the  three  strains 
tested.  The  time  course  of  this  effect  showed  minor  differences.  In 
E-PZ-1  and  E-PZ-2  cells  significant  increases  (  —  2-  to  18-fold)  were 
achieved  at  the  end  of  6  and  24  hours,  respectively  (Fig.  2C).  In  two 
of  three  of  the  cancer-derived  primary  cultures  (E-CA-2  and  -3), 
significant  increases  (  —  2-  to  5-fold)  were  seen  at  the  end  of  24 
hours  (Fig.  2D).  In  general,  the  magnitude  of  COX-2  mRNA  down- 
regulation  as  well  as  15-PGDH  mRNA  increase  was  more 
pronounced  in  the  primary  cells  derived  from  normal  prostatic 
tissue  when  compared  with  both  the  cancer-derived  primary  cells 
and  the  established  prostate  cancer  cell  lines. 

Effect  of  calcitriol  on  prostaglandin  levels.  As  a  result  of  the 
dual  action  of  calcitriol  to  down-regulate  the  expression  of  PG 
synthesizing  COX-2  and  increase  the  PG  catabolizing  15-PGDH,  we 
expected  a  reduction  in  PG  production  and  secretion  in  prostate 
cancer  cells  treated  with  calcitriol.  We  measured  the  levels  of  PGE2 
in  the  conditioned  media  from  LNCaP  cells  treated  with  various 
concentrations  of  calcitriol  for  48  hours.  Figure  3A  shows  that  the 
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Figure  2.  Calcitriol  regulates  the  expression  of  COX-2  and  15-PGDH  mRNA  in  primary  prostatic  epithelial  cells.  Primary  cultures  of  prostatic  epithelial  cells 
derived  from  the  peripheral  zone  of  normal  prostate  tissue  (E-PZ-1  to  -3)  or  adenocarcinoma  (E-CA-1  to  -3)  were  treated  with  0.1%  ethanol  (Con)  or  with  10  nmol/L 
calcitriol  {Cal)  for  6  or  24  hours.  Total  RNA  was  extracted  and  COX-2  and  15-PGDH  mRNA  levels  were  quantitated  by  real-time  RT-PCR  using  gene-specific 
primers  as  described  in  Materials  and  Methods.  COX-2  and  15-PGDH  mRNA  levels  were  normalized  to  GAPDH  mRNA  levels  and  are  given  as  a  percent  of  control  set 
at  100%.  Columns,  mean  from  three  experiments;  bars,  SE.  Effect  of  calcitriol  on  COX-2  mRNA  in  three  different  normal  primary  epithelial  cell  strains  (A)  and  in 
cancer-derived  cell  strains  (B).  Changes  in  15-PGDH  mRNA  in  normal  cell  strains  (C)  and  in  cancer-derived  cell  strains  (D).  *,  P  <  0.05;  **,  P  <  0.01;  ***,  P  <  0.001, 
when  compared  with  control. 


addition  of  calcitriol  caused  a  significant  reduction  in  PGE2 
secretion  with  the  maximal  decrease  ( ~  34%)  seen  with  100  nmol/L 
calcitriol. 

Effects  of  calcitriol  on  prostaglandin  receptor  expression. 

Prostate  cancer  cells  have  been  shown  to  express  the  PGE  receptor 
subtypes  EP2  and  EP4  (29).  We  examined  the  effects  of  calcitriol  on 
the  expression  of  the  PGE2  receptor  isoforms  EPl,  EP2,  EPS,  and  EP4, 
and  the  PGF2a  receptor  FP.  LNCaP  cells  treated  with  10  nmol/L 
calcitriol  for  24  hours  showed  a  significant  ( ~  45%)  down-regulation 
of  EP2  mRNA  (Fig.  3^).  We  did  not  detect  any  changes  in  the  levels  of 
EPl,  EPS,  or  EP4  mRNA  following  calcitriol  treatment  (not  shown). 
FP  mRNA  levels  were  also  down-regulated  (  —  33%  decrease)  by 
calcitriol  (Fig.  3C). 

Inhibition  of  prostaglandin-mediated  induction  of  c-fos 
mRNA  by  calcitriol.  Because  calcitriol  modulated  the  levels  of 
biologically  active  PGs  as  well  as  PG  receptor  expression,  we 
examined  its  effect  on  a  PG-mediated  functional  response,  (i.e.,  the 
induction  of  the  immediate-early  gene  c-fos;  ref.  29).  As  serum  is  a 
potent  inducer  of  c-fos  expression  (32),  we  conducted  the 
experiment  under  serum-free  conditions  using  PC-3  cells.  Unlike 
LNCaP,  PC-3  cells  could  be  briefiy  maintained  in  serum-free  media 
for  calcitriol  pretreatment  and  subsequent  treatment  with  the  PG 
precursor  arachidonic  acid.  PC-3  cells  were  pretreated  with  vehicle 
or  10  nmol/L  calcitriol  for  48  hours  followed  by  a  brief  (30  minutes) 
exposure  to  exogenous  arachidonic  acid  (3  pmol/L)  directly  added 
to  the  culture  medium.  RNA  was  then  isolated  and  the  induction  of 
c-fos  mRNA  was  determined  as  an  indicator  of  the  biological 
activity  of  PGs  endogenously  synthesized  from  arachidonic  acid.  As 


shown  in  Fig.  3D,  in  vehicle  pretreated  cells  arachidonic  acid 
exposure  resulted  in  a  significant  induction  (  —  2.5-fold)  of  c-fos 
mRNA  levels  after  30  minutes.  Calcitriol  pretreatment  completely 
abrogated  the  induction  of  c-fos  mRNA  due  to  arachidonic  acid 
addition.  Calcitriol  pretreatment  by  itself  caused  a  minor  increase 
in  c-fos  mRNA  levels  when  compared  with  vehicle  pretreated  cells, 
which  was  not  statistically  significant. 

Effects  of  calcitriol  on  prostaglandin-mediated  growth 
stimulation.  We  examined  the  effect  of  calcitriol  on  the  stimulation 
of  prostate  cancer  cell  growth  by  exogenous  PG  addition  as  well  as  by 
endogenous  PGs  derived  from  the  substrate  arachidonic  acid  added 
to  the  culture  medium.  We  treated  LNCaP  and  PC-3  cells  with 
arachidonic  acid  (3  pmol/L),  PGE2,  or  PGF2a  (10  pmol/L  each)  in  the 
absence  or  presence  of  10  nmol/L  calcitriol.  Our  results  revealed  a 
moderate  but  significant  growth  stimulation  by  arachidonic  acid 
and  exogenous  PGs  in  both  LNCaP  (Fig.  4A)  and  PC-3  cells  (Fig.  4B). 
Calcitriol  had  a  marked  growth  inhibitory  action  when  given  alone. 
In  addition,  calcitriol  blocked  the  growth  stimulation  due  to 
endogenous  PGs  derived  from  the  added  arachidonic  acid  as  well 
as  exogenous  PG  addition  (Fig.  4A  and  B). 

Synergistic  inhibition  of  prostate  cancer  cell  growth  by 
calcitriol  and  nonsteroidal  anti-inflammatory  drugs.  We  next 
examined  the  combined  effect  of  calcitriol  and  NSAIDs,  which 
are  potent  inhibitors  of  COX  enzyme  activity.  We  tested  a 
number  of  both  COX-2- selective  and  nonselective  NSAIDs 
including  NS-398,  SC-58125,  fiufenamic  acid,  sulindac  sulfide, 
indomethacin,  naproxen,  and  ibuprofen.  Figure  5A  to  D  illus¬ 
trates  the  effect  on  prostate  cancer  cell  growth  of  calcitriol  alone 
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Figure  3.  A,  calcitriol  decreases  PGE2  levels.  Subconfluent 
cultures  of  LNCaP  cells  were  treated  with  0.1%  ethanol  {Con) 
or  with  the  indicated  concentrations  of  calcitriol  {Cal)  for  48 
hours.  Conditioned  media  from  control  and  calcitriol-treated 
cultures  were  collected  and  PGE2  levels  were  determined 
using  an  enzyme  immunoassay  kit  (Materials  and  Methods). 
Columns,  mean  from  three  experiments;  bars,  SE.  *,  P  <  0.05. 
B,  changes  due  to  calcitriol  treatment  in  EP2  mRNA.  LNCaP 
cells  were  grown  to  subconfluence  and  treated  with  vehicle 
(0.1%  ethanol;  Con)  or  10  nmol/L  calcitriol  {Cal)  for  24  hours. 
Total  RNA  was  extracted  and  analyzed  for  the  mRNA 
expression  of  EP2  by  real-time  RT-PCR  using  gene-specific 
primers  as  described  in  Materials  and  Methods.  EP2  mRNA 
levels  were  normalized  to  the  TBP  mRNA  levels.  Values  given 
as  a  percent  of  control  set  at  100%;  columns,  mean  from  three 
experiments;  bars,  SE.  *,  P  <  0.05,  when  compared  with 
control.  C,  changes  due  to  calcitriol  treatment  in  FP  mRNA. 
LNCaP  cells  were  treated  and  processed  as  in  B  for  the  mRNA 
expression  of  FP  by  real-time  RT-PCR.  FP  mRNA  levels  were 
normalized  to  the  TBP  mRNA  levels.  Values  are  given  as  a 
percent  of  control  set  at  100%;  columns,  mean  from  three 
experiments;  bars,  SE.  *,  P  <  0.05,  when  compared  with 
control.  D,  calcitriol  inhibits  PG-mediated  induction  of  c-fos 
mRNA.  Subconfluent  cultures  of  PC-3  cells  were  transferred  to 
serum-free  RPMI  1640  containing  0.1%  ethanol  vehicle  or 
10  nmol/L  calcitriol  during  48  hours  (pretreatment).  Following 
the  pretreatment,  the  cultures  were  exposed  for  30  minutes  to 
arachidonic  acid  (AA;  3  ^imol/L)  added  to  the  culture  medium. 
The  cell  cultures  were  then  scraped,  RNA  was  isolated,  and 
c-fos  mRNA  levels  were  determined  by  real-time  RT-PCR 
as  described  in  Materials  and  Methods,  c-fos  mRNA  levels 
were  normalized  to  TBP  mRNA  levels  and  are  given  as  a 
percent  of  control  set  at  100%.  Columns,  mean  from  three 
experiments;  bars,  SE.  *,  P  <  0.05,  when  compared  with 
control;  +,  P  <  0.05,  when  compared  with  arachidonic  acid. 


or  in  combination  with  the  NSAIDs  that  exhibited  the  best 
growth  inhibitory  effect  when  used  at  a  reduced  dose.  We  show 
the  effects  of  calcitriol  alone  and  in  combination  with  the  COX- 
2-selective  NSAIDs  SC-58125  on  the  growth  of  LNCaP  cells 
(Fig.  5A)  and  NS-398  on  the  growth  of  PC-3  cells  (Fig.  5^).  In 
LNCaP  cells,  calcitriol  by  itself  had  a  modest  effect  ( ~  20%)  at  1 
nmol/L  but  caused  significant  growth  inhibition  (  —  40%)  at  10 
nmol/L  (Fig.  5A).  The  addition  of  the  COX-2-specific  inhibitor 
SC-58125  by  itself  had  a  modest  effect  on  cell  growth  (  —  20% 
inhibition),  which  was  not  statistically  significant,  at  the 
concentration  tested  (5  gmol/L).  The  combination  of  1  nmol/L 
calcitriol  with  SC-58125,  however,  had  a  more  pronounced 
inhibitory  effect  (  —  73%  growth  inhibition  with  the  combination 
versus  —20%  inhibition  with  the  individual  agents),  indicating  a 
synergistic  interaction  between  these  two  drugs  to  inhibit  cell 
growth.  SC-58125  also  enhanced  the  growth  inhibition  seen  with 
the  higher  concentration  of  calcitriol  (  —  80%  inhibition  with  the 
combination  versus  —40%  inhibition  with  10  nmol/L  calcitriol 
alone).  Similar  synergistic  growth  inhibitory  effects  were  evident  in 
PC-3  cells  treated  with  a  combination  of  calcitriol  and  the  COX-2- 
selective  inhibitor  NS-398  (Fig.  5B).  NS-398,  when  used  alone  at 
7.5  pmol/L,  did  not  affect  the  growth  of  PC-3  cells.  However,  it 
enhanced  the  growth  inhibition  seen  with  both  1  and  10  nmol/L 
calcitriol  (  —  60%  inhibition  with  the  combination  versus  —20% 
inhibition  with  1  nmol/L  calcitriol  alone,  and  —75%  inhibition 


with  the  combination  versus  —40%  inhibition  with  10  nmol/L 
calcitriol  alone). 

The  growth  inhibitory  effect  of  calcitriol  was  similarly  enhanced 
when  combined  with  nonselective  NSAIDs  that  inhibit  the 
enzymatic  activity  of  both  COX-1  and  COX-2.  The  nonselective 
NSAID  naproxen  at  200  pmol/L  did  not  inhibit  the  growth  of  LNCaP 
cells  (Fig.  5C).  However,  it  enhanced  the  growth  inhibition  seen 
with  1  and  10  nmol/L  calcitriol  (  —  65%  inhibition  with  the 
combination  versus  —48%  inhibition  with  10  nmol/L  calcitriol 
alone).  Similarly,  in  PC-3  cells  (Fig.  5D),  the  nonselective  NSAID 
ibuprofen  at  150  pmol/L  enhanced  the  growth  inhibitory  effect  of 
calcitriol  (  —  74%  inhibition  with  the  combination  versus  —40% 
inhibition  with  10  nmol/L  calcitriol  alone)  whereas  it  did  not  affect 
cell  growth  when  used  alone  at  this  concentration. 

Based  on  extensive  dose-response  analysis  (not  shown),  we 
calculated  the  interaction  index  (7)  using  an  isobolar  method  (33) 
for  each  drug  combination.  This  analysis  indicated  a  synergistic 
(superadditive)  effect.  The  data  suggested  that  —2  to  10  times 
lower  concentration  of  each  drug  is  needed  when  used  in 
combination  to  achieve  the  same  degree  of  growth  inhibition  as 
achieved  by  the  individual  drugs. 

Discussion 

Calcitriol  acts  by  multiple  pathways  to  inhibit  the  proliferation 
of  prostate  cancer  cells  (5-14).  Our  study  shows  that  the  regulation 
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Figure  4.  Calcitriol  abrogates  the  growth  stimulatory  effects  of  arachidonic  acid  {AA)  and  exogenous  PGs.  LNCaP  (/A)  and  PC-3  (B)  were  treated  with  arachidonic 
acid  (3  i^mol/L),  PGE2  (10  lamol/L),  or  PGF2a  (10  i^mol/L)  individually  or  in  combination  with  10  nmol/L  calcitriol  (Cal)  for  6  days.  Cell  growth  was  determined  by 
measurement  of  DNA  content  as  described  in  Materials  and  Methods.  DNA  contents  are  given  as  percentage  of  control  value  set  at  100%,  which  was  equivalent 
to  12.3  ±  1.2  i^g/well  for  LNCaP  cells  and  19.3  ±  1.7  ^ig/well  for  PC-3  cells.  Columns,  mean  from  six  experiments;  bars,  SE.  *,  P  <  0.05,  when  compared  with  control; 
++,  P  <  0.01,  when  compared  with  arachidonic  acid,  PGE2,  or  PGF2a  alone. 


of  PG  metabolism  is  a  novel  and  additional  pathway  by  which 
calcitriol  may  exert  its  antiproliferative  actions  in  prostate  cancer 
cells.  We  have  shown  that  calcitriol  regulates  biologically  active  PG 
levels  and  PG  actions  by  three  mechanisms:  {a)  the  suppression  of 
COX-2  expression,  (b)  the  up-regulation  of  15-PGDH  expression, 
and  (c)  the  reduction  of  EP2  and  FP  PG  receptor  mRNA  expression. 
We  propose  that  these  three  effects  act  together  to  effectively 
inhibit  the  stimulation  of  prostate  cancer  cell  proliferation  by 
endogenously  derived  PGs  as  well  as  PGs  added  exogenously. 
Because  PGs  have  been  shown  to  promote  prostate  cell  growth, 
inhibit  apoptosis,  and  stimulate  prostate  cancer  progression 
(18-20),  we  postulate  that  these  effects  of  calcitriol  to  reduce  PG 
actions  significantly  contribute  to  the  anticancer  effects  of  the 
hormone  in  prostate  cancer. 

The  transformation  of  arachidonic  acid  into  PGs  and  thrombox¬ 
anes  in  mammalian  cells  is  catalyzed  by  the  enzyme  COX,  which  has 
two  well-characterized  isoforms.  COX-1  is  constitutively  expressed 
and  is  involved  in  housekeeping  functions  (17,  34).  COX-2  is  an 
immediate-early  gene  that  is  induced  by  a  variety  of  growth 
promoting  stimuli  such  as  serum  and  growth  factors,  tumor 
promoters,  cytokines,  and  proinfiammatory  agents  (17,  34),  and  is 
regarded  as  an  oncogene  (24).  COX-2  is  overexpressed  in  various 
cancers  including  some,  but  not  all,  prostate  cancers  (18,  21). 
Inhibitors  of  COX-2  activity  have  been  shown  to  suppress  prostate 
cancer  cell  growth  both  in  vivo  and  in  vitro  (31,  35,  36).  Our  results 
show  the  significant  repression  of  COX-2  mRNA  expression  by 
calcitriol  in  prostate  cancer  cell  lines  as  well  as  in  primary  prostatic 
epithelial  cells  and  also  a  reduction  in  COX-2  protein  levels  in  prostate 
cancer  cell  lines,  suggesting  that  COX-2  is  a  calcitriol  target  gene. 

PGE2  and  PGF2a  are  rapidly  catabolized  in  vivo  into  their 
biologically  inactive  13,14-dihydro-15-keto  metabolites  by  a  two- 
step  process  carried  out  sequentially.  The  first  step  is  initiated  by 


the  reversible  oxidation  of  their  15(*S)-hydroxyl  group  by  the 
enzyme  15-PGDH  (37).  15-PGDH  is  widely  expressed  in  many 
mammalian  tissues  (38)  and  has  been  shown  to  be  modulated  by 
several  hormones  and  factors  (37-39),  indicating  the  potential 
importance  of  the  regulation  of  this  enzyme.  In  LNCaP  cells,  15- 
PGDH  expression  is  up-regulated  by  androgens,  interleukin-6,  and 
the  cyclic  AMP  inducer  forskolin  in  a  protein  kinase  A-dependent 
manner  (40,  41).  We  now  show  that  calcitriol  is  an  important 
regulator  of  15-PGDH  expression  in  prostate  cancer  cells.  The 
partial  repression  of  COX-2  mRNA  expression  and  the  increase  in 
15-PGDH  mRNA  expression  are  also  seen  in  primary  prostatic 
epithelial  cells  derived  from  normal  prostate,  suggesting  that 
these  calcitriol  effects  are  not  restricted  to  malignant  prostate 
cells.  15-PGDH  expression  has  been  shown  to  be  decreased  in 
many  cancers  (22,  23,  42).  Calcitriol  has  also  been  shown  to 
increase  the  expression  of  15-PGDH  in  neonatal  monocytes  (43), 
where  it  exhibits  prodifferentiation  effects.  15-PGDH,  which 
physiologically  antagonizes  COX-2,  has  recently  been  described 
as  a  putative  oncogene  antagonist  that  functions  as  a  tumor 
suppressor  in  colon  cancer  by  Yan  et  al.  (24)  who  found  that  15- 
PGDH  was  universally  expressed  in  normal  colon  specimens  but 
was  routinely  absent  or  severely  reduced  in  cancer  specimens. 
More  importantly,  stable  transfection  of  a  15-PGDH  expression 
vector  into  cancer  cells  greatly  reduced  the  ability  of  the  cells  to 
form  tumors  and/or  slowed  tumor  growth  in  nude  mice.  The 
authors  concluded  that  15-PGDH  suppressed  the  effects  of  the 
oncogene  COX-2  and  exhibited  an  additional  effect  to  inhibit 
angiogenesis  in  vivo  (24).  Our  present  study  shows  calcitriol- 
mediated  suppression  of  the  oncogene  COX-2  and  an  increase  in 
the  expression  of  the  putative  tumor  suppressor  15-PGDH  in 
prostate  cells,  suggesting  that  calcitriol  may  play  an  important 
role  in  the  chemoprevention  of  prostate  cancer. 
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Figure  5.  Synergistic  inhibition  of 
prostate  cancer  cell  growth  by  calcitriol  and 
NSAIDs.  LNCaP  or  PC-3  cells  were  treated 
with  0.1%  ethanol  vehicle  (Con)  or  10 
nmol/L  calcitriol  {Cal)  in  the  presence 
and  absence  of  the  indicated  NSAID.  Cell 
growth  was  determined  by  measuring  the 
DNA  content  as  indicated  in  Materials  and 
Methods.  DNA  contents  are  given  as 
percentage  of  control  value  set  at  100%. 
A,  LNCaP  cells  treated  with  a  combination 
of  calcitriol  {Cal)  and  COX-2-specific 
NSAID  SC-58125  (5  i^mol/L).  100%  DNA 
content  =  10.15  ±  1.22  ^ig/well.  B,  PC-3 
treated  with  calcitriol  {Cal)  in  the  presence 
and  absence  of  the  COX-2-selective 
NSAID  NS-398  (7.5  i^mol/L).  100%  DNA 
content  =  17.42  ±  1.93  ^ig/well.  C,  LNCaP 
cells  treated  with  calcitriol  {Cal)  in  the 
presence  and  absence  of  the  nonselective 
NSAID  naproxen  {Nap]  200  ^imol/L).  100% 
DNA  content  =  9.22  ±  0.5  ^ig/well.  D,  PC-3 
cells  treated  with  calcitriol  {Cal) 
in  the  presence  and  absence  of  the 
nonselective  NSAID  ibuprofen  {Ibu] 

150  lamol/L).  100%  DNA  content  =  21.7 
±  0.9  i^g/well.  Columns,  mean  from  six 
experiments;  bars,  SE.  *,  P  <  0.05;  **, 

P  <  0.01,  when  compared  with  control.  ++, 
P  <  0.01,  when  compared  with  1  or  10 
nmol/L  Cal  alone. 
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As  a  result  of  its  dual  action  to  modulate  COX-2  and  15-PGDH 
expression,  we  expected  calcitriol  to  reduce  the  levels  of  PGs  in 
prostate  cancer  cells.  This  indeed  was  the  case  as  shown  by  the 
decrease  in  PGE2  levels  in  the  conditioned  media  from  LNCaP  cells 
following  calcitriol  treatment.  Calcitriol  regulation  of  PGE2  synthesis 
and  secretion  has  been  also  reported  in  growth  plate  chondrocytes 
(44),  in  monocytes  (43,  45),  and  in  interleukin- 1  (^-stimulated 
rheumatoid  synovial  fibroblasts  (46).  The  effects  of  calcitriol  on  PG 
synthesis  and  signaling  in  these  target  cells  seem  to  be  related  to  the 
rapid  nongenomic  actions  of  calcitriol  (47). 

PGs  exert  their  myriad  effects  through  G-protein  coupled 
membrane  receptors  which  activate  different  signal  transduction 
pathways  (48).  Prostate  cancer  cells  have  been  shown  to  express 
the  PGE  receptor  subtypes  EP2  and  EP4  (29).  Interestingly,  our 
study  shows  that  calcitriol  decreases  the  mRNA  expression  of  the 
PGE2  and  PGF2a  receptor  subtypes  EP2  and  FP,  providing  yet 
another  mechanism  for  the  suppression  of  the  biological  activity  of 
PGs  by  calcitriol.  In  a  recent  study  examining  the  changes  in  gene 
expression  profile  in  the  kidney  of  vitamin  D  receptor  (VDR) 
knockout  mice,  Li  et  al.  (49)  report  increases  in  the  expression  of 
EPS  and  FP  genes  in  VDR“^“  kidneys,  suggesting  that  calcitriol 
may  also  regulate  the  expression  of  PG  receptors  in  kidney.  Our 
study  indicates  that  calcitriol  not  only  decreases  the  concentration 
of  PGs  but  may  also  inhibit  the  biological  activity  of  these  reduced 
PG  levels  by  repressing  of  EP2  and  FP  receptor  mRNA  expression  in 
prostate  cancer  cells. 


Chen  and  Hughes-Fulford  (29)  have  shown  that  arachidonic  acid 
increases  the  expression  of  the  immediate-early  gene  c-fos  by 
undergoing  a  COX-2-mediated  conversion  to  PGE2,  binding  of 
PGE2  to  EP2/EP4  receptors,  and  subsequent  activation  of  the 
protein  kinase  A  pathway,  which  leads  to  the  expression  of  growth- 
related  genes.  PGE2  has  also  been  to  shown  to  up-regulate  the  gene 
expression  of  its  own  synthesizing  enzyme  COX-2  in  prostate 
cancer  cells,  thereby  completing  a  positive  feedback  loop  (31,  50). 
We  therefore  examined  the  effect  of  calcitriol  treatment  on  the 
induction  of  c-fos  and  cell  growth  by  arachidonic  acid  in  prostate 
cancer  cells  and  found  that  calcitriol  abolished  c-fos  induction  and 
growth  stimulation  by  arachidonic  acid.  Our  interpretation  of  these 
observations  is  that  they  reflect  both  the  effect  of  calcitriol  to 
decrease  endogenous  synthesis  of  PGs  due  to  COX-2  suppression 
and  the  ability  of  calcitriol  to  attenuate  the  biological  activity  of  the 
PGs  due  to  15-PGDH  up-regulation  and  EP  and  FP  receptor  down- 
regulation.  The  suppression  by  calcitriol  of  the  growth  stimulation 
by  exogenous  PG  addition  is  probably  due  to  its  ability  to  enhance 
PG  catabolism  through  the  up-regulation  of  15-PGDH  expression 
as  well  as  PG  receptor  down-regulation. 

NSAIDs  are  known  inhibitors  of  COX  activity  and  have  been 
shown  to  exhibit  growth-suppressive  effects  in  in  vivo  and  in  vitro 
models  of  prostate  cancer  (19,  35,  36,  50-52).  The  growth  inhibitory 
and  proapoptotic  actions  of  NSAIDs  are  due  to  their  ability  to  inhibit 
cyclooxygenase  activity  to  a  large  degree,  although  in  recent  years 
mechanisms  independent  of  COX-2  inhibition  are  also  believed  to 
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play  a  role  (52).  Our  data  show  that  the  combination  of  calcitriol  A^dth 
COX-2-selective,  as  well  as  nonselective  NSAIDs,  acts  synergistically 
to  reduce  the  groAAdh  of  prostate  cancer  cells.  Our  hypothesis  is  that 
the  action  of  calcitriol  at  the  genomic  level  to  reduce  COX-2 
expression  decreases  the  levels  of  COX-2  protein  and  allows  the  use 
of  lower  concentrations  of  NSAIDs  to  inhibit  COX-2  enzyme  activity, 
resulting  in  the  enhanced  growth  inhibition  seen  with  the 
combination.  The  potential  use  of  NSAIDs  as  chemopreventive  or 
therapeutic  agents  for  a  variety  of  malignancies,  including  prostate 
cancer,  is  being  intensely  investigated  (20,  21,  51,  53).  We  propose 
that  a  combination  of  calcitriol  and  NSAID  might  be  a  useful 
therapeutic  strategy  in  prostate  cancer.  The  clinical  use  of  NSAIDs 
has  recently  become  controversial  because  of  the  cardiovascular 
complications  associated  Avith  the  use  of  high  doses  of  COX-2- 
selective  NSAIDs  for  prolonged  periods  of  time  (54,  55).  In 
comparison  Avith  the  COX-2-selective  inhibitors,  the  use  of  a 
nonselective  NSAID  such  as  naproxen  has  been  shoAvn  to  be 
associated  Avith  decreased  cardiovascular  adverse  effects  (56).  As 
shoAvn  by  our  study,  an  enhancement  of  groAvth  inhibition  is  seen 
when  calcitriol  is  combined  Avith  nonselective  NSAIDs  such  as 
naproxen  and  ibuprofen.  The  clinical  utility  of  the  calcitriol 
combination  Avith  a  nonselective  NSAID  is  therefore  worthy  of 


evaluation,  especially  because  the  combination  allows  the  use  of 
lower  concentrations  of  calcitriol  and  the  NSAIDs,  thereby 
improAdng  the  safety  profile  of  the  NSAIDs. 

In  conclusion,  calcitriol  acts  by  three  separate  mechanisms: 
decreasing  COX-2  expression,  increasing  I5-PGDH  expression,  and 
reducing  PG  receptor  mRNA  levels.  We  believe  that  these  actions 
contribute  to  suppress  the  proliferative  stimulus  provided  by  PGs  in 
prostate  cancer  cells.  The  regulation  of  PG  metabolism  and 
biological  actions  constitutes  an  additional  novel  pathway  of 
calcitriol  action  mediating  its  antiproliferative  effects  in  prostate 
cells.  We  propose  that  a  combination  of  calcitriol  and  a  nonselective 
NSAID,  such  as  naproxen,  might  be  a  useful  therapeutic  and/or 
chemopreventive  strategy  in  prostate  cancer,  as  it  would  achieve 
greater  efficacy  and  allow  the  use  of  lower  concentrations  of  both 
drugs,  thereby  reducing  their  toxic  side  effects. 
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Mechanisms  of  Vitamin  D-mediated  Growth  Inhibition  in  Prostate 
Cancer  Cells:  Inhibition  of  the  Prostaglandin  Pathway 
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Abstract.  Calcitriol  (1,25-dihydroxyvitamin  Dj),  the  active  form 
of  vitamin  D,  promotes  growth  inhibition  and  differentiation  in 
prostate  cancer  (PCa)  cells.  To  unravel  the  molecular  pathways 
of  calcitriol  actions,  cDNA  microarray  analysis  was  used  to 
identify  novel  calcitriol  target  genes  including  two  that  play  key 
roles  in  the  metabolism  of  prostaglandins  (PGs),  known 
stimulators  of  PCa  growth  and  progression.  Calcitriol  significantly 
decreases  the  expression  of  the  PG  synthesizing  cyclooxygenase-2 
(COX-2)  gene,  while  increasing  that  of  PG  inactivating 
15 -prostaglandin  dehydrogenase  (15-PGDH).  Calcitriol  also 
inhibits  the  expression  of  the  PG  receptors  EP2  and  FP.  It  reduces 
the  levels  of  biologically  active  PGs  and  inhibits  PG  actions  in 
PCa  cells,  thereby  decreasing  the  proliferative  stimulus  of  PGs.  We 
postulate  that  the  regulation  of  the  PG  pathway  contributes  to  the 
growth  inhibitory  actions  of  calcitriol.  We  also  propose  that 
calcitriol  can  be  combined  with  non-steroidal  anti-inflammatory 
drugs  (NSAIDs)  that  inhibit  COX  enzyme  activity,  as  a  potential 
therapeutic  strategy  in  PCa. 

Prostate  cancer  (PCa)  is  the  most  commonly  diagnosed 
malignancy  and  the  second  leading  cause  of  cancer  death  in 
North  American  men  (1).  According  to  the  American 
Cancer  Society,  more  than  232,000  men  will  be  diagnosed 
with  PCa  in  2005  and  approximately  10%  of  these  will  die 
of  the  disease  (1).  Primary  therapy  for  PCa  involves  the 
removal  of  the  prostate  by  surgery  or  radiation  therapy. 
Unfortunately,  after  initial  treatment  PCa  often  recurs. 
Androgens  regulate  normal  prostate  development  and 
growth.  Surgical  or  medical  androgen  deprivation  has  been 
used  as  the  standard  treatment  for  PCa  which  fails  primary 
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therapy  (2).  Although  there  is  a  good  initial  response  to 
androgen  ablation  in  most  men,  the  tumors  will  progress  to 
androgen  independence  resulting  in  death  (3)  since  there  is 
currently  no  adequate  treatment  for  this  advanced  disease. 

Our  research  was  aimed  at  the  development  of  new 
therapies  for  PCa.  la,  25-Dihydroxyvitamin  D3  (calcitriol), 
the  hormonally-active  form  of  vitamin  D,  is  a  promising  new 
therapeutic  agent  for  PCa,  which  has  been  shown  to  exhibit 
growth  inhibitory  effects  in  cell  culture  and  animal  models 
of  PCa  as  well  as  in  clinical  settings  (4-15).  Our  goal  was  to 
understand  the  molecular  mechanisms  mediating  the 
anticancer  actions  of  calcitriol. 

Calcitriol  and  PCa 

Calcitriol  is  a  steroid  hormone,  well  known  as  a  major 
regulator  of  calcium  homeostasis  and  bone  mineralization 
(16).  However,  data  accumulated  over  the  past  25  years  have 
indicated  that  calcitriol  and  its  analogs  have  potent 
antiproliferative  and  pro-differentiation  actions  in  a  number 
of  malignancies  including  PCa  (4-15,  17,  18).  The  anti¬ 
proliferative  action  of  calcitriol  has  been  documented  in 
several  PCa  cell  lines  (6,  8,  17,  18),  as  well  as  in  primary 
cultures  of  normal  and  cancer  cells  derived  from  surgical 
specimens  of  prostate  obtained  from  PCa  patients  (19,  20). 
The  inhibition  of  PCa  cell  growth  is  seen  in  both  androgen- 
dependent  and  androgen-independent  PCa  cells  (18,  21). 
Similarly,  calcitriol  and  its  analogs  have  been  shown  to  inhibit 
the  growth  of  PCa  in  animal  models  of  PCa  (8, 11, 12).  A  pilot 
clinical  study  by  our  group  provided  evidence  that  calcitriol 
effectively  slowed  the  rate  of  serum  PSA  rise  in  PCa  patients 
with  early  recurrent  PCa  (22).  Recent  clinical  trials,  using  high 
doses  of  calcitriol  in  combination  with  chemotherapy,  have 
shown  great  promise  in  prolonging  survival  and  delaying  the 
time  to  progression  in  men  with  androgen-independent  PCa 
(10,  12).  The  only  side-effect  of  calcitriol  therapy  appeared  to 
be  the  development  of  hypercalcemia.  Many  pharmaceutical 
companies  and  academic  centers  are  attempting  to  design 
calcitriol  analogs  that  exhibit  increased  anticancer  potency  but 
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with  a  reduced  tendency  to  cause  hypercalcemia  (23).  We 
believe  that  calcitriol  or  a  new  analog  will  prove  very  useful  as 
an  adjunct  for  the  therapy  of  both  androgen-dependent  and 
androgen-independent  PCa. 

Given  the  potential  usefulness  of  calcitriol  in  treating 
and/or  preventing  PCa,  understanding  the  molecular  basis 
of  calcitriol-mediated  growth  inhibition  and  the  signaling 
pathways  involved  in  its  anticancer  effects  will  more  fully 
define  its  therapeutic  potential,  as  well  as  allow  the 
development  of  better  therapeutic  approaches  to  treat  PCa 
and  will  provide  an  insight  into  how  calcitriol  acts  and 
interacts  with  other  agents  in  exerting  its  regulatory  actions. 
This  understanding  would  enable  an  improved  rationale  for 
when  and  how  to  implement  calcitriol  therapy  and  perhaps 
how  to  make  calcitriol  therapy  more  effective  by  combining 
with  other  drugs  that  exhibit  synergistic  molecular  actions. 

Mechanisms  of  Calcitriol  Actions  in  PCa 

Calcitriol  exerts  its  actions  by  binding  to  its  nuclear 
receptor,  the  vitamin  D  receptor  (VDR).  After  hormone 
binding,  VDR  dimerizes  with  the  retinoid  X  receptor 
(RXR).  The  VDR-RXR  heterodimer  binds  to  DNA 
sequences  known  as  vitamin  D  response  elements  (VDREs) 
in  the  promoter  regions  of  target  genes.  This  calcitriol-VDR 
complex  then  recruits  co-activator  proteins  that  stimulate 
the  transcriptional  apparatus  to  induce  the  expression  of  the 
target  gene.  A  number  of  important  pathways  have  been 
shown  to  play  key  roles  in  calcitriol-mediated  growth 
inhibition.  One  primary  mechanism  of  calcitriol  action  is  to 
induce  cell  cycle  arrest  in  the  Gl/GO-phase  by  increasing  the 
expression  of  genes  like  the  cyclin-dependent  protein  kinase 
inhibitors  p21  and  p27  (8,  13,  24),  and  to  induce  apoptosis 
by  down-regulating  the  expression  of  anti-apoptotic  genes, 
such  as  bcl-2  (8,  11,  13).  Calcitriol  has  also  been  shown  to 
regulate  growth  factor  action  through  modulation  of  the 
expression  of  genes  such  as  insulin-like  growth  factor 
binding  protein-3  (IGFBP-3)  (8,  13)  and  transforming 
growth  factor  p  (TGF-P)  (11,  13).  In  addition,  calcitriol  also 
exerts  inhibitory  effects  on  tumor  cell  migration  and 
metastasis,  as  well  as  tumor  angiogenesis  (8,  10,  11,  13). 

Novel  Targets  of  Calcitriol  in  PCa 

Using  cDNA  microarray  analysis  to  study  the  regulation  of 
gene  expression  by  calcitriol,  we  have  recently  identified  28 
genes  regulated  by  calcitriol  in  LNCaP  human  PCa  cells 
(25).  Among  the  up-regulated  genes  is  one  that  encodes 
NAD  ■‘■-dependent  15-hydroxyprostaglandin  dehydrogenase 
(15-PGDH).  The  expression  of  15-PGDH  is  also  induced  by 
calcitriol  in  primary  cultures  of  normal  prostatic  epithelial 
cells  (26).  We  found  the  down-regulation  of  various  genes  on 
our  microarrays,  including  the  prostaglandin-endoperoxide 


synthase-2,  or  cyclooxygenase-2  (COX-2)  gene  (25).  COX-2 
is  the  rate-limiting  enzyme  involved  in  prostaglandin  (PG) 
synthesis,  while  15-PGDH  is  the  primary  enzyme  responsible 
for  PG  catabolism. 

COX-2  and  PCa 

PGs  are  long-chain  oxygenated  polyunsaturated  fatty  acids 
derived  from  arachidonic  acid  (AA).  COX  or 
cyclooxygenases  are  responsible  for  the  synthesis  of  the  PG 
precursor  PGH2  from  AA  (27).  PGH2  is  then  converted  to 
the  various  PGs  by  specific  synthases.  PGs  have  been  shown 
to  stimulate  the  proliferation  of  many  cancers  including  PCa 
(28).  Many,  yet  not  all,  studies  have  concluded  that  the 
expression  of  COX-2  is  elevated  in  PCa  when  compared  with 
normal  prostate  (29-32).  In  vitro  studies  using  androgen- 
dependent  and  androgen-independent  PCa  cell  lines  showed 
that  both  expressed  detectable  amounts  of  COX-2  and 
secreted  PGE2  (29,  33).  It  has  been  proposed  that  COX-2 
induces  tumorigenesis  by  various  mechanisms  including:  (i) 
induction  of  cell  proliferation  (34);  (ii)  decreased  apoptosis 
(35);  (iii)  increased  angiogenesis  (36);  (iv)  increased  tumor 
invasiveness  (37);  and  (v)  decreased  immune  surveillance 
(33).  Non-steroidal  anti-inflammatory  drugs  (NSAIDs),  which 
inhibit  COX  enzymatic  activity  and  therefore  PG  synthesis, 
have  been  shown  to  decrease  PCa  growth  in  in  vitro  PCa  cell 
cultures  and  in  vivo  in  animals  bearing  PCa  tumor  xenografts 
(28,  35,  38).  Existing  evidence  suggests  that  PGE2  has  a 
specific  role  in  the  maintenance  of  human  cancer  cell  growth 
and  that  the  activation  of  COX-2  expression  depends 
primarily  upon  newly  synthesized  PGE2  through  a  positive 
feedback  mechanism  (39).  Taken  together,  these  data 
indicate  that  COX-2  and/or  their  prostaglandin  products  play 
a  role  in  the  malignant  transformation  of  the  prostate. 

15-PGDH  and  Cancer 

15-PGDH  is  the  key  enzyme  initiating  the  catabolism  of 
biologically-active  PGs  converting  them  into  inactive  keto- 
derivatives  (40),  thereby  acting  as  a  functional  antagonist  to 
COX-2.  Three  pieces  of  evidence  indicate  that  the 
concomitant  overexpression  of  COX-2  and  underexpression 
of  15-PGDH  have  a  role  in  tumor  progression.  First, 
microarray  data  analysis  indicated  a  down-regulation  of 
15-PGDH  in  colon  (41)  and  lung  (42)  cancers  when 
compared  to  normal  tissues.  Second,  when  colon  epithelial 
cells  were  chronically  treated  with  the  tumor  suppressor 
TGF-p,  15-PGDH  gene  expression  was  induced  (41).  Thirdly, 
15-PGDH  by  itself  seemed  to  have  tumor  suppressor  effects 
(42).  When  lung  cancer  cells  transiently  overexpressing 
15-PGDH  were  injected  into  athymic  nude  mice,  there  was  a 
substantial  decrease  in  tumor  induction  and  growth  when 
compared  to  mice  implanted  with  wild-type  cancer  cells  (42). 
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Figure  1.  Calcitriol  inhibits  prostaglandin  actions  in  prostate  cancer  cells  by  three  mechanisms:  i)  decreasing  the  expression  of  the  prostaglandin 
synthesizing  enzyme  cyclooxygenase-2  (COX-2);  ii)  stimulating  the  expression  of  the  prostaglandin  catabolizing  enzyme  15-prostaglandin  dehydrogenase 
(PGDH);  and  Hi)  inhibiting  EP2  and  FP  prostaglandin  receptor  expression.  These  three  actions  combined  may  be  involved  in  blocking  PG-mediated 
actions  such  as  c-fos  induction  and  cell  growth.  Furthermore,  the  combination  of  calcitriol  and  various  non-steroidal  anti-inflammatory  drugs  (NSAIDs) 
produced  synergistic  inhibition  of  prostate  cancer  cell  growth. 


Calcitriol  Actions  on  the  Prostaglandin  Pathway  in 
PCa  cells 

Our  microarray  data  indicated  that  calcitriol  increased  the 
expression  of  15-PGDH  and  significantly  decreased  the 
expression  of  COX-2  in  LNCaP  human  PCa  cells  (25). 
Based  on  these  initial  results,  we  further  investigated  the 
effect  of  calcitriol  on  PG  metabolism  and  PG  actions  in 
several  established  PCa  cell  lines,  as  well  as  primary  cultures 
of  prostatic  epithelial  cells  derived  from  normal  prostate 
and  adenocarcinoma  specimens  removed  at  surgery. 
Significant  increases  were  found  in  15-PGDH  expression 
and  down-regulation  of  COX-2  expression  in  both  the  PCa 
cell  lines  and  primary  prostatic  cells  (43).  This  dual  action 
was  associated  with  decreased  PGE2  secretion  into  the 


conditioned  media  of  PCa  cells  exposed  to  calcitriol  (43). 

PGs  exert  their  biological  effects  through  G-protein  coupled 
membrane  receptors  which  activate  different  signal 
transduction  pathways.  Interestingly,  our  study  showed  that 
calcitriol  decreased  the  mRNA  expression  of  the  PGE2  and 
PGF2ct  receptor  sub-types  EP2  and  FP,  providing  yet  a  third 
mechanism  for  the  suppression  of  the  biological  activity  of  PGs 
by  calcitriol  (43).  Thus,  as  illustrated  in  Figure  1,  calcitriol 
exerts  multiple  actions  on  the  PG  pathway:  the  suppression  of 
PG  synthesis  (due  to  COX-2  down-regulation),  increase  of  PG 
catabolism  (due  to  15-PGDH  up-regulation)  and  the  inhibition 
of  PG  actions  (due  to  PG  receptor  down-regulation).  We 
hypothesize  that,  as  a  result  of  these  regulatory  actions, 
calcitriol  attenuated  PG-mediated  functional  responses  in  PCa 
cells  such  as  the  induction  of  the  immediate-early  gene  c-fos 
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Figure  1.  Calcitriol  inhibits  prostaglandin  actions  in  prostate  cancer  cells  by  three  mechanisms:  i)  decreasing  the  expression  of  the  prostaglandin 
synthesizing  enzyme  cyclooxygenase-2  (COX-2);  ii)  stimulating  the  expression  of  the  prostaglandin  catabolizing  enzyme  15 -prostaglandin  dehydrogenase 
(PGDH);  and  Hi)  inhibiting  EP2  and  FP  prostaglandin  receptor  expression.  These  three  actions  combined  may  be  involved  in  blocking  PG-mediated 
actions  such  as  c-fos  induction  and  cell  growth.  Furthermore,  the  combination  of  calcitriol  and  various  non-steroidal  anti-inflammatory  drugs  (NSAIDs) 
produced  synergistic  inhibition  of  prostate  cancer  cell  growth. 
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PGs  exert  their  biological  effects  through  G-protein  coupled 
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of  PG  actions  (due  to  PG  receptor  down-regulation).  We 
hypothesize  that,  as  a  result  of  these  regulatory  actions, 
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cells  such  as  the  induction  of  the  immediate-early  gene  c-fos 
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In  summary,  our  research  was  directed  at  understanding 
the  molecular  mechanisms  of  the  antiproliferative  activity 
of  calcitriol  in  prostate  cells  with  the  goal  of  developing  new 
strategies  to  improve  PCa  treatment.  Our  investigations 
revealed  that  calcitriol  acts  by  three  separate  mechanisms 
on  the  PG  pathway  in  PCa  cells:  decreasing  COX-2 
expression,  increasing  15-PGDH  expression  and  reducing 
PG  receptor  mRNA  levels.  We  believe  that  these  effects 
may  contribute  to  the  suppression  of  the  proliferative 
stimulus  of  PGs  by  calcitriol  in  PCa  cells.  The  regulation  of 
PG  metabolism  and  biological  actions  constitutes  an 
additional  novel  pathway  of  calcitriol  action  contributing  to 
its  antiproliferative  effects  in  prostate  cells.  We  propose  that 
a  combination  of  calcitriol  and  a  non-selective  NSAID,  such 
as  naproxen,  might  be  a  useful  therapeutic  and/or  chemo- 
preventive  strategy  in  PCa,  as  it  would  achieve  greater 
efficacy  and  allow  the  use  of  lower  concentrations  of  both 
drugs,  thereby  reducing  their  toxic  side-effects.  The 
combination  approach  is  an  attractive  therapeutic  strategy 
that  can  be  swiftly  translated  to  clinical  trials  since  calcitriol 
and  NSAlDs  are  FDA  approved  drugs. 
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Vitamin  D  is  errerging  as  an  rmportanl  hormone  that  affects  the  development  and 
progression  of  many^  maiignancies  including  prostate  cancer  (PCa).  1 ,25- di  hydroxy  vita  min 
D3  (calcitrioi),  the  active  form  of  vitamin  D,  inhibits  the  growth  and  stimulates  Ltm 
differentiation  of  PCa  cells,  V\fe  have  studied  established  human  PCa  cell  iines  as  well  as 
primar/  cultures  of  normal  or  cancer- derived  prostatic  epithelial  colls  to  elucidate  the 
molecular  pathways  of  caldtriol  actions.  These  pathways  are  varied  and  appear  to  be  cell* 
specific.  We  have  used  cDNA  microarray  analysis  to  elucidate  additional  genes  regulated  by 
caicitriol  in  order  to  identify  novel  therapeutic  ta.gets  for  the  treatment  of  PCa,  Several 
potentially  useful  target  genes  have  emerged  from  these  studies.  In  this  talk  I  will  highlight 
tv^o  new  target  genes,  both  involved  in  prostaglandin  {PG)  metabolism,  Accumulating 
evidence  has  implicated  PGs  in  stimulating  the  development  of  many  types  of  cancer 
including  PCa,  PGs  have  been  associated  v/ith  the  progression  of  PCa,  tumor  invasiveness 
and  tumor  grade.  Prostatic  PGs  are  formed  by  the  action  of  the  cyclooxygenase  enzyme 
COX-2.  The  first  step  in  PG  inactivation  is  rtiediatea  by  IS-hydnoxyp-ostaglandin 
dehydrogenase  (PGDN).  We  found  that  caicitriol  down-regulates  the  expression  of  COX’2 
and  up-regulates  PGDH,  Currently  there  is  muen  pnterest  in  the  use  of  COX-2  inhibitors  to 
prevent  and/or  treat  PCa,  due  to  their  ability  to  inhibit  growth  and  induce  apoptosis. 
Moreover,  PGDH  has  recently  been  proposed  as  a  tumor  suppressor.  The  actions  of 
caldtrici  to  induce  PGDH  and  inhibit  COX-2,  constitute  a  pathway  to  reduce  and/or  remove 
bioactive  PGs  thereby  diminishing  PCa  proliferation.  Treatment  of  LNCaP  cells  with  a 
combinaton  of  caicitriol  and  COX-2  inhibitors  resulted  in  synergistic  growth  iritiibition.  In 
coriib.nation,  caicitriol  and  COX-2  inhibitors  allowed  the  use  of  reduced  doses  of  both  drugs 
that  still  resulted  in  erihanced  a.ntiprolrferative  activity,  These  findings  suggest  that  therapy 
rxjmbining  caicitriol  and  COX-2  inhibitors  will  increase  the  efficacy  of  both  drugs  v/hile 
decreasing  their  side-effects.  We  propose  that  this  combination  of  already  approved  drugs 
can  be  brought  to  clinical  trial  swiftly,  particularly  in  patients  with  early  recurrent  PCa  that 
demonstrate  rising  PSA  after  primary  therapy,  in  conclusion,  our  research  is  directed  at 
understanding  the  mechanisms  of  vitamin  D  action  in  prostate  cells  with  the  goal  of 
developing  treatment  strategies  to  improve  PCa  therapy.  The  abllihy  of  caicitriol  to  inhibit  PG 
synthesis  and  stimulate  PG  inactivation  appears  to  be  an  additional  pathway  by  which 
caicitriol  can  enhance  PCa  therapy. 
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iiiTTioiiriL  i}i  T.]V  riicijafion  from  iiaitiraJ  suiiliglil  rin(,l  ilit; 
cxpusjrt  of  only  srriJill  patfS  of  iht  botlyn  s.g.  h:ind?i, 
forearms  and-fr  face,  src  necessary.  The  aim  of  study 
wrts  to  evaluate  the  cfurclatissr  between  Vic  a  min  D- 
weigldc^l  L'V  dijsagc  versus  the  increase  of  circulaiing 
25{0H!!D-^  and  1,2^(011)10.^.  Paitr.tJtK  on/I  .\ffHfodF:  'JWent}^- 
two  dialysis  patienti  were  paitial  body  (frontal  pari  of  the 
IcgSs  approx.  15%  of  body  .surface)  irradiated  over  a  |>cj-iod 
of  14  weeks  usiiiy:  an  artificial  L^V-sojice  (IJVTS  .1.5%); 
filwcf  samples  were  takeo  every  two  weeks.  Rc^sui^s:  The 
peak  value  of  25fOH}I>_iL  was  found  afijer  H  wcek.s-  (increase 
A  +  =  +31%,  niedkiii)  tind  the  peak  of  LZ^fOHjiD^ 

followed  6  week^  later  (increase  .\  +  =  4^0%) 

i’tierefore,  the  following  .iil^^tsrithm  can  be  calculated: 
25(OH)2l>i  =  K  l(P)  +  25,  as  :3  nonlinear  carrclatloii 

Jill  kiwi  rig  a  linear  correlation  Cr=()..32)  henveen 
25(t.SH)l.>^  and  1..25  (OH)iDi;.  A  sfufficierit  pool 

of  circulalir.y  25(OH)D;j  is  nece&san^  for  tonversion  to 

l, 25(OH)7l>-i.  h\  jeiial  pa  lien  Is,  the  threshold  level  of 
2?(OTT_)D.^  Sterns  to  be  ^35  pgi'l. 
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EFFILtrr  OF  I  I\T3  RADIATEON  EMU  FED  FROM  THE 
NARROWK.tMl  IL-ltl  LAMP  (311  NM>  ON 
CALCI 1  RlfH.  SYNTHESIS  IN  ORG.YNCXlYPlC 
CULTtlRHS  OF  KERATIN OCVTES 

Bodo  Lehmann  and  MiLh.a:;:l  Vlcuner 

Department  of  Dcrmatelo^y,  Carl  C  lu^tav  Qirus-  Medical 
■Schaol,  Dresden  Uriiversily  of  Tcehnolo^',  Dresden. 

rieriTifiny 

The  akin  is  the  ojily  tissue  kjiL.fw]i  in  which  iht  complcLC 
UVB-iiKtjced  paihway  from  7-riehydi'nchrile.^ieriil 
(7-DHC)  to  hormonally-acLive  cnlcitriol  (la. 25  dlhydlro 
xwitumin  D^)  occurs  under  physiological  cunditiyns.  It  is 
well  known  that  both  calciirioi  £rid  UVb  rudiation  exert 
polsml  HrtipsonatEC  effects.  "We  speculate:  that  the 
therapeutic  eftdet  of  UVT^  radiation  car.  be.  attributed  to 
UVB-tri^^»crcd  cutaueaus  wyn thesis  uf  cidcitriok  fur  which 
the  opTi-nurn  wavtdtmgth  was  300  ±  3  nm  ifi  viirtA  and  j^e 
liro.  On  lire  othej  hand.  Lhc  narrowband  Philips  TL  01 
lump,  which  is  commonly  used  as  a  L'VD  fjonrcc  tor  the 
treatment  of  psoriasis,  has  a  rna.ximum  spectral  irradiance 
at  acriuncl  VI  I  nm.  ihc  aim  of  this  study  was  to  investigate 
the  caicitriol  inducing  potential  of  :hc  T'L-Ol  lamp  ic] 
cirganotypic  cultures  of  keiatinncyies  supplemented  wilh 
25  ^iM  7-DIK’  a.T  iliffereni  rHdi.ant  exposures  (125-_h00 

m. T.!'cm^).  We  found  that  tlie  maximum  caicitriol 
genet aiLiTig  capjLcity  of  the  TL-Ol  lamp  at  500  m.l/t:m^ 
(eorrtsponding  to  2.1  ^ED  [Standard  Erylhemu  Dose]) 
and  lb  iinurs  nfli^r  irrudif^tion  still  amounted  to 
approximately  45%  of  that  of  moni^chromy  tio  mdiaticn  at 


3G0  Tim  and  30  mJ/cm^.  We  coriclLKle  tliai  irradiation  with 
the  narjowhaml  TF.-OI  \'amp  m  a  (herapeutic  dose  range 
afreet  caicitriol  synthesi?i  in  epidemic  I  koratinocytes. 
IhuH,  the  an|ipsoria:ic  effect  observed  alter  TT.-Ol  lijiup 
exposures  may  he,  at  least  partially,  evpiHrncd  by  the  known 
action  of  tie wly -synthesized  calcttrlol  on  epidermal  cell: 
proliferation  and  differentiation. 

2^ 

PATIIWAVS  MEDIATING  J  HE  GROWTH 
INHIBII ORV  AOTKINS  OF  VITAMIN  D  IN 
PROSTATE  CARCEK 

J.acqueline  More  no.  Aruiia  Kri‘;hn;^Ti  c^nd  Djivid  Feldman 

Department  of  Medicin-J/Eudocrinology,  Stanford 
IJuivcrJ^ily  Scbcr^jl  of  Medicine,  Stanford,  (]A  305-5 1 03^ 

U.S.A. 

Vdamin  D  is  an  Lm[K'3rlaiit  hi.jrmonic  that  affects  the 
incidducie  iind  progression  of  many  malisuaneies  including 
piostaic  cancel  (PCa).  ■U25-JilLydr'OxyviLuinin  D  (caicitriol)^ 
the  aclivu  Form  of  -MLtaniiii  D,  inhibits,  the  grt^wth  and 
stimulates  I  be  differcnlintion  of  PCa  cells.  We  studied 
cstEiblishcd  human  PCa  cell  lines  ay  wx^ll  d.s  primary  cultiitcs 
of  normal  or  cazicer- derived  profttatic  epithelial  cell.^^  lo 
r-U’ddate  the.  nioleculai'  pathways  af  the  Eiction  of  caEcitriok 
riie^Lc.  puthwr^yy  arc  varied  and  some  appear  to  be-  coll- 
spccific.  We  used  cDNA  [uicrciiFrii^  .aniilysij;  to  ascenain 
arldiimnHl  g-mes  rcj^iilated  by  calcitflol,  in  order  to  identify 
novel  therapeutic  t^rgifts  for  the  treatnisnt  of  PCa.  SeveiEd 
potentially  useful  target  genes  Inive  emerged  from  lhcs.c 
^tudie?  including  iw-o  new  target  genes,  holh  involved  in 
prostaglandiii  (i^J  ji  [netaholiKm. 

Accumi] biting  evidence  has  icnplicaled  PGs  in  slimulaiTinE!. 
the  dcvdopciieiil  of  many  lypes  of  cancer  including  P('a.  PCs 
have  lierm  bsswialed-  -wiXh  the  progression  of  PCa,  tumor 
LiivasF'enefis  and  lumi  jr  grade-.  Prcstatic  PCs  are  formeJ  by  the 
iiction  of  :hc  c>'icloox\rgci,ia^e  en/.ynie  CDX-2.  The  final  step  in 
PCt  inactivation  is  mediated  by  l.5-hydroxypritsiHgljiTi[iin 
iLiKydrogenase  (PCjDIIK  We  PLmnd  that  caldrriol  down 
regulates  the  expression  of  CO.X-2  and  up-regubiEcs  PGDH. 
Thcfc  is  mud  I  cunenl  intcresL  in  the  ujicofscoond-generaTion 
rOX-2  inhibitors  or  non-select  Ive  norisler(iiid;il  anti- 
inflaiiiimatory  drug^i  (N^JAIDt^),  to  prevent  and/or  treat  PCa, 
due  to  thcLr  ability  to  Inhibit  guRvtli  niuJ  induce  apoptosis. 
Moreover,  PODH  hai  recent Jy  been  proposed  as  a  tumor 
suppreswr,  J  hs  actions  of  calchriol  lo  induce  PGDH  and 
inhibit  COX-2  constitute  a  piitlri^-ay  to  icdacc  aiid''(jrTcir<jve 
active  POe,  tJK.i:c.l?y  dimijiiyliing  PCa  prulifciatinn. 
tjOTiibinalion  therapy  <if  t.NCaF  cells  wdth  caicitriol  and 
NSATDs  revealed  synergistic  growth  inhibition.  In 
coftibiriulion,  crilci^riol  and  NSAIDs  allowed  ihe  ubc  of 
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reduccci  dosi:H  of  both  dnigs.  that  stiil  resulted  in  enbHTieefI 
antiprijlifurutive  acthnfy.  These  fin  dings  surest  fr.sl  therapy 
cLjTnhiiiirig  calcitri4jL  and  NSATDn  will  inorcaw'  efficacy  while 
decreasing  sidc-etfects,  We  propose  thul  itiis  cnin  bin  alien  of 
aJreadj'  approved  drugs  can  be  hrr.mglhi  to  dinical  trial  swiftly, 
pwniculai'Jy  in  pal ie ills  with  early  recuircril  Hla  tbai 
demoiistrati;  Tisinci.  i’S.'V  nfler  piiinarv'  therapy,  Tn  oondiiiiion, 
our  fciyna-ch  is  Irrcdcd  at  understanding  the  mcehinisiiiH  of 
vilHTiiin  l>  action  ih  pii^staiL'  cells  with  the  goal  of  developing 
treatinent  slrategiea  to  improve  Pi  la  therapy.  The  ability  of 
calcitriol  to  inbi'oit  PG  synrliesis  and  stininlale  FG  dcslnidion 
appears  to  be  an  additional  pathway  by  which  ciildlriol  can 
enhance  KCa  iherapr/. 
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BIOIXK^IC\LEFFrf:TS  Of  la.25- 
nimTJROX^’\1TAMlN  D,  ON  HU.\t\N 
KEIL^TINOfl^TES  AFTER  IONIZING  RADLATION 

Kerstin  Muller.  Michaela  Schinn,  -Tdrg  ReichruLh  and 
Vixtor  Mcinobo 

Bundeswciir  Institute  pjf  Radiobiology,  Munich; 

Dcpsrrtinent  o^f  PerTnatology.  The  Saarland  University 
Hospital,  Homlmrc,  Germany 

Hxpo&ure  of  litituan  shill  to  lOTiitiing  radLatitiTi  rfiSillfS  Iti 
Yurious  early  an;!  I.ate  ettcets  Such  as  an  inflamnatory 
reictLOfi,  Iccralosis,  fibrosis,  radiation  vasculitis  and  cancer. 
lu,25-Dihyilro3(>Y-1tamin  D.;,  the  biologically  iicli^'e 
metabolite  of  vitamin  D,  has  been  shown  tu  ejiert 
pJciotropic  effects  id  the  skin.  We  evaluated  whether  the 
radiation  reaction  of  human  kciatiiioeytcs  (llaGaT  cells) 
can  be  motluhted  by  lcx,25-diliydroxyvilaniiii  Uj.  The  cell 
growth  of  keratin ocyLes  after  ionii^ing  radititHin  was 
significaiitiy  iticrciisecl  in  the  presence  of  lc(,25- 
dibvdroxyvilatiiin  15,  as  confipared  to  the  untreated  oonlrol. 
Moreover,  ■ia:2S-dihydrosyvita[nin  also  exerted  a 
positive  inLlucncc  on  the  ceil  survivai  of  irr^idiated 
kcriitinocytcs,  ns  shown  by  clonogsnic  ussay.  As  the 
cutaneous  radiation  leactioTi  is  determiTiud  by  varioos 
iTiflanimatoiy  parameters,  including  adhesive  interacliirns 
nicdiiitod  by  cellular  adhe.sicn  molctules,  we  anulyverl  the 
eel  I  surface  expression  of  interccllulai  adhesion  niolecule- 
1  fK’AM  1)  aril  ^il-integrin  in  Iceratinocylcs  and  the  elfcet 
of  ln,25-dihydroxyviUnii!i  D,  using  tlnw  cytomelry  and 
immuno-  liistocl-enii.<itiy.  I  he  results  re-.-ealcd  lit  at  ionKing 
radiation  causes  an  iip-rcgulutiou  of  both  ICAM-1  and  (Jl- 
Integriu  ill  keratinocytes,  which  was  inhibited  by 
pretrcHlmentot  the  cells  with  liii.2;-(lihydr(JxyvitMiiiiii  D*. 
Taken  together,  our  data  suggest  thai  jQ,25- 
dihydroxj'vilannn  D3  might  be  a  promising  agent  to  modify 
the  radiation  react  ion,  offering  new  options  in 
radiotherapy  and  oncology. 
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SNAJE  REFKJlSSES  VI'I’aMIN  D  RECbFTOR 
EXPRESSION  AND  BLOCKS  THE  EFFECTS  OF  la, 25 
DlHYDROXYViT,\MIN  D^  t)N  HUMAN  COLON 
CANCER  CELLS  W  VHliO  AND  11  VO 

.A.  Munuj.  U.O.  Palmer,  M.L  Urriba  and  V.  Orddnez- 
Muruii 

TnsLLiuto  dc  jTiv-:;st3ggiCLon&&  ‘Bu'jTtiedicas,  Madrid,  Spain 

Wc  hsivii  pr*viouii-ly  rcpaited  th^l  la,25-dLhydT[:xyvi:^iiniin 
(l,Z5(OH)..D,)  and  m:io-hyp€T-t’H  [-:e.nuc  analogii 

MOJ()3  aiid  KHIOMJ)  inhibil  pr'^^l iteration  and 
pronioti;-  diifeienti^itiyr.  of  hum^iin  SW4H(J-ADH 
carL-T  ceLls.  They  irulLice.  the  express iOTa  of  £H;AdhenTi  and 
Lhe  LraiislotTi I fccin  of  |^cat;;ni[3  from  the  nucleus  to  she 
plasiiisf  TTi-Tnhrane.  Lbc  Wnt/p-caicnin  sipaling  paLtiwaj  is 
deiegiibiEed  in  moA  txjjon  canters  as  a  result  oi  rnuuiLiLni  of 
APC:  or  [i-catfuin  (.CTiV-Vi^fl  geaes.  In  ftcvtTal  Immau  colon 
cancer  cell  analysed,  10,25(011)00.^  icprcssc*] 

l^-calCilir.'TC:F-4  rranscripiional  auliviLy  and  iliii:i.  inhibi-xd 
Ihu  expi’es^ion  uf  p-cateniD.''rCF-+-[C!i|>L-jn.£ivc  j^cniis.  Using 
olitcnucltoddt  juitioarLays,  fit  genetic  profile  induced  by 
lci,25(01I);n^  ill  hjinan  tulon  cancer  cel'.fi  \vas  idejitilnid. 
10,25 (OH changed  the  e:4prc;iijion  levels  of  numerous 
previoLLsly  uiiicoortcd  geneSy  ixiduding  many  involved  :n 
UioiscL'iption,  cell  adhesion h  DNA  synthc^^iSh  apoptosis  and 
iiilraccllnl^iT ■  Hi^c.aling,  Vila rti hi  D  roL^ptoi  (VDl^)  is 
expre-ss^jJ  ia  oormtil  epithelium  asid  during  ihe  eaify 

of  colon  cancer,  but  is  b^l  at  later  singes  of  tumor 
progi^sslon.  High  VDR  cxprcssico  has  bce.n  assneiated  wilh 
good  prognosis .  We  found  tlut  the  SNAli.  iraaaoripdon 
factor  represses  hurr.an  FDi?  gme.  expres^iun  in  colon 
^•3ncar~celi&  and  blocks  the  Liniilumor  ac^n_oi  in 

fTeciograftcd^mice.  in  hiimMn  crslcin  cancor.  elevated  SNAIL 
expression  correlates  willi  flie  down-rcgalation  of  and 
E-c^dherio.  Oiir  dutrt  ihat  colon  cancer  pauerts^vith 

high  levels  cf  SNAIL  are  likely  10  be  responders  Lo 
iherapy  wiih  la,'25(OH);,D:^  analogs. 
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HlCIl-DOSE  PULSE  CALCITRTOL  JN  PROSTATE 
CANTIEK 

Anne  Myi  tJiuc  and  Tomasz  M.  Btcr 

Oicfioii  Health  and  Science  University  Portland,  OR^  U,S,A. 

In  prc-cUiiicai  modcU  df  prostate  cancer,  c^slcitrioi,  the 
principal  actNe  rtieEabolitc  ol  vitamin  D,  disphyi^d 
Higiiificant  amhiec-plastic  activity  alone  and  in  oombinHiiE-^n 
with  cytotoxic  dru[>s,  but  only  at  ^>ub=?taritLally 
supi^^plij^lologic  coiicentfationK.  d,'he  repyEful  niechaniiims 
of  activity  include  Inhibditjn  of  prolifcmlion  and  ceil  cycle 
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triug-sied  m=io;K  ?  ■'li:!  ndrtrtSS  've  ha^t  fnitJ^sr  cnninttiCiiEcd  Lie  dleroid 

Hudln  q  arc!  el^HSilltlp  L-f  ihe  cbaiirdciiJ  Xcnop^i-  i;f-0fC3ltcvaiL  aaJ  siiljci^ca 

TiftfiftrHif^rE.  Wc  deillCj-litrali  iJiai.  iht  Ksmeipus  pr^ig^srejcinv  rtCep^K-  1)  hiiid^  ^o 

iiiicl  is  lEajfcSLTipliunull],-  wtivnwd  hy  mwij'  J.ndiutwis,  icK;liJi3inii  undrasIcBE-rticntu 
(Ks:i«li?arf.  mri  rlihyrtrnrfsrcMorMlO.  at  JOC  -  21&0  n3^  cDnccntriiions.  i-umhCrtllCireL 
chft  TfEiioi'iii;.  A'liliiiijri  !i?i..>.-:j.ii..j(  (XtAHJ  binJ>  Lo  und  iR  D^u'^ar&l  py  piwgtsLMuiiE  al 
CVCL  loi^ti  4:csiu;iil£ajCii.iiLS  (I  -  lrniTFStiTif;ly  rhr  rjptdLllOlial  ifiHirjruJian  PR 

ajila^ijnuL  RLUKfc  is  aj:oo-  inli  1:1  Inr  nf  biihJicig  Lu  XIB-J  (ICSffc^l  n%i^ 

bal  a  pDTcnE  inliil:ilri-  erf"  a^dlOtWi  bliuJiiij;  lu  XlAR  nM).  THe  nnhlllry  nf 

Hl.'IJW  El-  bliX:k  pnipedtcTc:™:-  inlEracu^^  ■n-ir'h  XFR-I  !•■  likHy  i.liii-  iij  * 

cyrEEine  fli  waiQCil  'i~i:  in  lb:  ligand  binding  donuJll.  -iH  iViCsil  J^U^y6-^iL-|l^ilLvE 
have  a  Q_y(;iiie  rsiLdn?  jL  this  pcisidr™.  Aecnidinely.  XcAJt  iJL'nlduii:  a  gfyd-nc  residue 
ill  IlK  CtL-ie-epundine  pn,idon.  -whicl-  mi^hr  tit^Jfiiil  L.s  sunjilivi^y  In  R[JiRl^  TpECttBJ. 
[Il^ire  rfsuLlN  re^ondls  Itic  -r.iscrcpana-eS;  nt-^aEdin^  wKich  >:lassi-:iil  ncccjscri  arv 
EVjZuiLling  pnD_qieKr<;nf:  3Jii]EO£ea-:^ri.^ptfried  i3Ki-£,s  iXK?>K  IIATUe^Eil’Si,  as 

huh  re-ift-pr4jr?  arc  LliWly  anivLlail  aider  ciltrei  ifli  dili^jiv  b.M  KU'ISd  aad  andicEen 
■  ■'■A'plut  anla^d^ES  >ilJ  <ja1y'  blocJc  XcAK  rTK^Hated 

M.J.  iv  fundad  in  pan  ly  ihie  MK  rjallllClf  graiiE  T33.CMri"r»2  K.  Ihig  work  iJ 
huniTlaiL  hy  fiinnnj;  fmm  rh-  UIH  crKS^PJ!’;  arxJ  lh=  V/ekh  Kiunrfaiinn  1.1- LWt; 
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Ardreafiii  Duv^n-EtgiilatioLi  by  tlk«  AikiLitSitrv^;-t!B  JCi 

fiijsjpdcx)  in  LNCaP  Pj-ii.\I,:j14^  C^nic-t'r  Cl■^Ji^P 
Ru-nb  fl  ■RhmrrH-:hHi  _'.>H'^'.  Ac.uia  V  KrisdiniJi'.  Srilaiha  Swam',  II-aiT'Icl  FoLdillui'.  ‘jD^' 
MiiJ,  t)\ihrL.Yiri.j;  Scii  .T'uifrird  f.TJiTf  ’IrJi  of  Mfi/i.  .Vii:TJUf<irV,'.  CA. 

E'dt  pn^^EatE  cancer  CPnai  pniirni-.  mil  l.•.l|L■^^  by  priinary  Qiaripy.  andmgen 
Jcprivflliia  therapy  f.'iDT.;  Js.  cficii  :vu^L\:koti'u1  in  causing  PT a  ne^re^s.lnn  slri"*;  Iwjc 
rmcersnrc  ECfKJifiLLy  iildcui;ur>^L-p4:iidi;n.:.lJnffhrlijn.irely,  uie^ii'.L  viii.i^iL.y  tiiLAET 
inc1lvird.yHiA::lEmisfDrnLi  loan  androjen.:niJtjieiKliiiEK.a!'.All:=^’'.  Icir  wEmlI-  Eliarn  is 
IP  tztecii'^-w  tnKL.mtnt.  In  AiPr,  rrnsl  ?C(i  -ecJIa  ddlJ  cc-tain  caircvsion  if  Iheandmge^v 
-VZi^Ujri  A'Rj-wKich  ileys  i  Tjk  .n  the  C-ijaiLinuL  d.ariyftlh  nf  die  c.-ir«j, 

±ih:  dnigs  -har.  are  Ijc.ccZL^'C  Mi  Duwa  Resubtcirs  ^!w^RDs)  piiescnc-n  ufliLiu;  appH>ijcl:. 
hr  Ehe  ErcfltmCBt  Of  AR  depandent  AIK'..  lkcief,siLfi  Uio  All  curwentration  viT 
slpnmc-^tiy  JvJace  PCi  grr^u-ti  KEiTularion  «LlV.'  3ftjilkft  ha>e  drmnr.sETilEd  rhnr  tfcc 
■uiljfn-u^an.  IC:  lfl2,7SL'i  (IfilJ  (FaelOdtA?  lu®  SARD  ic:i--ity  ir  Pfin  ccLIS- 

Trealmenl  i\f  \ Kr:,il^<v‘lk  u-llll  ICE  -.JO  ILE-I;!  reKjited  in  a  Sfr^  de-trofjse  ih  AK  yr.Aiir. 
e¥riY'Ak. Yii.-if'li.i  -dl^liLk-asi:  iiK laui^U ty fHJ-TJH  I  hikdln^arid  V^'KlMetiblaLaadyKiK.  Eill 
itiu  Lk^jELaH-d  AV.  ir'RX.*\  Invrie  T>n.irr‘.:i;rd  AS.  inRN.A  eApresiXMi  wiu  nhten'tfl  at. 

.  Sir  y  »i^^hrr  TCI  treoLiifciiL,  cJi-;  lEiH^inut]  JvuE¥at^  ij-f  Lmirv-il;i  lMkn;;i;.iHI[IOi1  -4 

hr.s^  anrl  hy  411  lir  s.  il'ie  inhihiuiiy  t  llLuL  uf  ICl  j/as  Jim.in.iF.hbd.  Hrelniilriftr^^'  c:i.JWriEiierii 
.liu-fiid  #  pnitejsLtJiua^  da;  iiutL-iaiissin  Eir-^^R  -jlnuT-T^iilmlJn  tjy  [Cl  SUg^nl  Ihal  itiF 
OOtUrrLiije  ai  the  Iranscriiriminl  evel  Ttie  AH  |ifi.-.wjil  iji  LNCaPcelLi  ceraaiLi  l  pmii 
nuSaLiun  Lliat  readers  if  “pKjUasCuuaa".  ulluwiiiu  laiii-iuiilnTf  Hn  igJTvrih  in  -ilnd  ro  itic 
ETLep^nr.  ]rienreiperi|Je<il  ^aiJJn^  asi^ays,  increaskigcniwienrrjEiriiic.  i  if  lE  'lihil  ih.|.  dkpliKV 
;’HJ  JJH  I  hindLiift  KUhc  .AJl,  dcmiQitraJig  Ifml  [CE  cid  I>JL  bjiid  h  Hi:  MiLLaiit  ai 
the  UHL'  UiiOia;:  sL:&  AK  dn^n  rcgylarion  ty  Id  r^aalLcd  mdccrea.^ed  AR-niMli;Kfcil 
i^lilcUOjiaL  HflpinHes  as  irwastired  by  t^A  aLVEi-bufi:  aid  rS.A  mR>  A  tipfCiiioiL  It'J 
uibibiled  T?  IfiSL  EEin-Lj|g((:d  L^bA  sijc^liun  by  h(i  70^  afkr  n  ^  dsy  :rfliLira;aL  l^A 
nRhfA  expretElon  wge  JttEtaseJ  by  Ji>  efrer^AtiROt  Itl^hJ  H  lyK  L  cc-Uxatxcil 
■Atien  I’mnpfirod  toRJE-SI  aLune.  Impcirtirrlty,  KJI  c^autKl  SLUoincanit  irJiihidon-nf  I  .MCcF 
ri;l  I  uu-'lh  ill  a  lirna  and  dnse-depcnclem  Jiii3jrine.r.  Al  Lha  «id  uE  S  daw  cv  IrerrlTiiciu  A  WW 
gnmili  inhihirinn  wn-;  seen  |ji  ECl-ireikd  c=:i:^  cimpjied  tn  q^nlJ<5l.  TJiaKa  da. a 
deni%^iiwr.-aie  ilwi  ili-:  Hidl-csiruji^iEi  ICl  in  a  pE'-EenE  aR  (Vjw.n-ltp.'Hliluc  whiLh  rLu::ti; 
£^JcIil/ji.:uiL  liiliibJliiHi  urina  cell  [f;rcis3>ih  K I K.  e.icI;  at  ICi,  praaer.lvii^le  no’  rfihev 
.V>T  Liczillng  .AR  depenrkkil  nii  ■.■nita  x-i  I  K> 

P2-658  ® 

RcgultitiOii  -ikl'  Fr4Hi-tiigLa.ndin  M£ti^lii>li.sni  by  Laiintriol: 

I'o-tf  nti-mJ  Rcilc  in  tlie  Tr^iH^tiritful  Hkf  Pru^iHtf  Cimeer. 

Jjx-:qiLeliiK-  M-cii.^iii,i*\  .\njia  V  KriKinin',  Unvkd  Fsldififin  .  of  Med, 

I'.'.n.  u  iLiA  E^i^ec',  Stiirfi^rd,  -C.a. 

Caldb-iul  eshibiuh  jmwih  liil-ibiiojy  ?aiil  pcd  diLTer-biitiuLin-n  e-'fccE^  in  vitro 
aad  ili  vfhW  mndels  i  if  pi  .i^|hi.l-  laiicer  fPCi;.  Our  £im.:  s.  in  di;:i|]ne  itic  iEhij]iarBiin.s 
uncerlyipg  Hue;.  uiiLipiiy|jU;i  alive  elTecI^  nf  rjilciiirnl  In  PCi  ■cD>'A  joJiE-uijray  ar.:dysii<: 
of  Jiuir.an  PCa  ccIH  rifie  lei’^ul.^riim  (.if  ilu  fA.ujf  ssieoi  nf  29  gene}^  hv 

Cik-itiul.  InEcreptngly,  hvo  (?f  [heie  ^v:ulJ^  art:  iiiviilved  n  he  mrrnhnllsm  (it 
pKn.1aglnndins  LiOiin  atiEmilak:r?-  cf  PCj  cell  gr^invli  111.;  i-r  jivs-iiiiju  uL  PO 

tyryher;i3inficyclOO.'Ly;,viiaic:-2  fCOX  Il  gene  w^iS  ElioifiCaudy  ifa.ELt'iJiJ  by  cJLl.riEiU 
and  mneot  inacti-valang  15  jYvvl*£laidjid£|LL  iJEuuerjsL  (LS-PCDIlJ  a'.vs  iruire^sed 
by  oalOilcicL.  Ptii.du^l  aet.rnpf  e^JOILTjnJ  w^ulU  izdjcc  die  levels  of  btoksiculJy  attiic 
PCt(  ia  PCa  cel  Is,  chereby  dcC-XaSiHi:  Uiair  pruiifEralive  alimaly 5.  Ib  :hc  CliP\.iil  s.udy  wc 
steered  EhaE-iaklTIl-OlJiKj’^jiied  15  PCDH  mRN.\  nnd  p.xskjd  JL:vc..>3n  LNCaTccil^  in 
a  rime  and  dow-ftjfWiuJeaLriiaiinbT.The  ir>:ii«isi;m  IS-l^iUH  i:illHAespr«5.iinrcnihc-(i 
*  fw-Hh  ^ilki  u  kur.  aJckriolEreaimeni  rHar  JiiSOjliaisiBduver  Jd  K.CakiInnI  -wl.icoJ 
CD\-2  mRN.\  In  ^pTHK-mficiy  ^fj  ^  of  L-uaCrul  ia  lx:th  iNL'.nH  and  K-:i  ffiJIfi  iud 


decceaMdEhKaiiic-nir/i;iiiin  '-f.X.>X-  JpAJleLn  in  PC-3  lells.  Wu  dei-rease 

1  n  lefi-fk  of  Jie  LIic  cljci J..Lkiicd  niEilia  of  f  .MCaP  relk  iu|[||  eglfJiriu].  Vr  helieve  :hiE 

it  Jic-  result  af  tic  dull  efifcr.l  ai  cnluiriinl  ^1  ilii.-  cApnifSKin  of  T^"!  meiatiKFlk 
trli^-mo.  Non-sIcrbirlaE  anli-itlfl-njlljlliluji'  lIju^s  O'SAmO  iniiiJiil  TzOX-?:  snO  cvniliLl 
aatituiTiDreffecf^  In  b:tih  io  i^if  re  tmJ  in  vii'fl-EXTa  mrHels.  A  a  n  .1nw'i-iT|;i.i]yL,y[  ufCOX- 

2  expresvinn,  Cfll^ltilOl  ■>^(hjL-J  enhance  COK-2  inJiLbjlJciri  wbcii  cuinlriihKl  vpiili  an 

^SAlL^  dK  tOkiid  IhaLlhe  comliiintirn  r-f  c^xkirricil  wiLh  y!>AII>:  acted  syrwr^islk-zilly 
ro  KOilce  Gift  lif  Li’GfiiK  na>1  FC-:^  -CilJs.  ciihibitirj  ap  In  ItiO/C  keuwGi 

iiihibL.wni  ^i-.h  Gis  combi  isrion  iliail  iudLCtfiJ  ty  WS.^.rD*  nr  cilO-CrloL  aJtxic.  The 
:  umbini1ion  wdf  iJin  rnijfipclTwG>*i  Ihui  inJi^idual  dni^^s  .n  reduiZin;;  PCi  accirtion  by 
fMnaP-r-lfe  T-ie3hiaci.'of^?j£  ib-icJ  ;DLihily1  HL'i  i.yfiihsSLS-AiidstLT.ulatf'PCicatDbol  rm 
is  Al  mlilliiiiii^  piUi^vay  ty  ^hbci  cablrrinl  -eneiTS  Jlk  aalipfblirmlEve  Mipns.  J'JiC 
llinajic-uLic  ci?:rhinrti(ii  *\f  cnlnlinnl  aivi  pJSAJDs.  would  □Mow  Ehe  uw  ot  LOwpe 
CLir.cciitrdEicms  of eilher  dnij.,  ^•l1.llll  j  ug^  (111.11  fcaiL-  s-jde-efferiK.  Ws  pmpojf  rfiai  CaldLiul 
an[ir4SAlDcctTlbirutlCOLuii;liJCb.  ausafaliliarar4*utic  srrareaylr  mc-ii  WLlJufarlvniccnenl 

PCfl. 

nirt-i-i  iki^giil4k4itkn  Ilf  InsiulLn^IJkE  Griiwlh  Fac-tur  Binding 
Hrutein-3  (ICFBP-:5e  by  -\ nd ropcius  and  f.alcIlEiul  in  l.NflikP 
Ihunnrt  Pro^Lata  CuiiLvr  CKlJk. 

UlBng  P«ikS+'.  fiaiaa  ^VjTiif' .  Fckr  J  [4fllKy'.  DavbJ  E-eldmun' . 

Ua.i'  icA  (.f  Med,  .^"reiyifr.yd,  i:A 

rulcininf  rihl’hl-i^.^pciWiJiiiLiibiLiLTn  jnJ.diffeTeTil'ifli^Hi  ul  a  varitlv  uI'ceLI  types 
nr  iidli jiii.iu.iK-  c-diuErcelL  (PCuy  Cn  ric  anrr-ci^ii  dcpsncml  LNC.n?'  humnn  M(.  a 
cell  hue  Lilcidiu]  emeIk  ils  iin:inrnlTfcr?idvc  ftfliOil  preduminanEly  by  inciwuip  ceIL 
cycle  ajresl.  PrevifHisly  we  Imw;  :^|llJu.|]  dial  ^nj-;vLh  uresi  is  aiedlflicfl  pHi'u^Lv  by- 
ad  jctirci  of  TC-FBF-i.  li  liijL  li  subscuueiiMy  irK.T«s-'  -hn  rTprcs-^Loii  uf  Gie  ceH  circle 
nhibiror  p2  l.  Wl:  _iavc-  idEitificd  a  fmctonal  vi  iiinl  1  n  iijsiHJiJisie  Eb-TiriL  n 

rjic  lUbldL'-S  pnjir.E'kr  iSreilfy  nk^dia'lufi  lire  JihJclIIuii  by  ca'Lil  ribl.  En  ihis  nrpfin  ivp 
uliw  Giat  uidTOE^s  increnscoXil-XaHcoi  uf  ItinSF-n  e:  hmri  niRNA  huI  piclciu  LcveL 
:a  LXCiH  ceM^  F'lirilli.tfniOrt,  Tbjc  cuiE!l:iaatirxi  of  Chki^lioL  aixl  -ajidjM^cnk  n^suL.s  in  ;l 
sabsiailiiil  ia  l^HUP  3  indicoEirig  ti  ;troR£  ^y^u,:Ey:;rf.ic  ctfDct  rf  catil-inl  nni 

Slidrogftis  oa  IGFBP  3  erpresnin.  li:  UIKlCra&nJ  the-  mbjDCjia:  mech.i|-|i£ji-|  Jivivcd. 
■^^eiLuriinEiJ  ihe  EllFfiP-.l  pfOJT.otWfOi  jidErK.-l]ons  'lEt^vstn  eaRjrjioJ  Qihl  uiLTU^pcn.*!. 
TranszcEiviilon  efiOd;  fllM  Gie  6  \ih  TC?:-!y  .1  prorfiCEtf  aogucncc  rcspinds  to 

nndTflrm  rnrMmtJir.  .A  (iniE  cciise  of  lOF  H  m A  Ok;pnjt:iLur  Li  LNCaPoelk  trenkd 
■■Hiitlk  ^urA-us:  L-uncEntTaLiuas  of  Ehe  syntlltGC  afidrueen  FISSI  nlsg  siig^ptlS  L'lll. 
JinGrdgen  iSKC-lly  cCgilldli  tie  Irar^stlpLctltS  JCJI'IIR  J  in  D  cnsc-rJbpcriijtiH  iliunicr.  A 
sEri«<  nf  riElminns  j^pn(fl¥i-od  \:-'llJiL;i  Lba  6  kb  pnanoler  rierT>:i||?|tfa.(*J  LiuL  Ibe  ARE  is 
pteiff-.M  II I  11:  lift  A  I'l  iiytiit’r.i  hiiuvEEn  -  and  .^.l.  Pcirw  illutatiunK  ia  :h*  pcxem-i.i  I 
.Mit  LLSulfcl  ia  a  lifflv,o'  anri^igen  inrliirrin'i  wnlitiaLlC  dje  critical  clsm^nt 

scqucr;ces.  r'urr’hemiorie,  ehr.>  imiin  iii!u.ur!jprey.ipiLali4jn  ussny^  showo-p  ilvu  RliH 
Ireatmeiit  rw-niilCC  iLit  a.idLu^ci.  ibi:c|iiiK  In  i!ie  ARF.  sue  li  rhr  irjFEP-5  prdE.iulEr  in 
ir^ngt  ccl.i-  iiL -ilddiLcci.  Ibc  crombireion  irciirnie-ir  i?f  iiiii1il.-|^.-us  acd  Laicicriul  doubles 
llB  OlfC-ct  of  L  ithcr  cakilrioL  or  an(lroiiCliE-  Q-iXl?  Jii  Jiu  ](jFB^:r'  [tniirysleT  cons  mins  In 
LkirajIuKicm.  di=  f-jnetimni  V'DRE-ltfui  .AEO:  ir.  die  KirCSP  H  pmniofer  riii'M  i  k  in.-a.liyi.f 
Ihe  LiteTUCEibn  nl  oakllTLOl  fiiiC  arjdru.ccas  on  IfirnP-?  ^3(pL'(3bioiL  U  iiiaj-  I'c  cxuiiuer’ 
irtcilivc  thn  gndtOjl'Eiia  aLmulatE  a  Kictm  niiMllaline  filulproLifcEali-.'c  and  pToapoplol  c 
•ictlons  Jfl  rCi  ceIIst.  EibWEver,  a  numhot  ot  nuditSi  aliuw  thel  androgens  niedLals  mi 
UitifxuLrera.ivi;  and  pTod,ifforoTiriHttV(;  flf.Ljn  -ja  l■■'Ca4;ElL^  Tbe  =linl<ifj  aifiitifiLazuic  ul' 
lhH-.«;  fiadings  u-ill  rcqntfic;  ftulllsj  atady. 

ri  sm  4 

Co- I'rcatnicivl  nf  !Ffiiitij.ii  PrihsluR'  Cwnuer  CuIIe  n'llh  SlT^ll 
Prol-ac-dr.  aud  1^25  tli hydroxy  V'iiamin  ^’V'lJ)  I'rLi-tlntes 
Synerj^y  in  tfn*  Priimniifrri  of  ApupLO^ii^F  uud  Hriiig!^  (.htU  DciS?  of 
VD  Hi^iiiMirtd  inlo  Ih-E  Hhii-TokIc,  I'Ky^iolopcnJ  Range. 

■■A^ei  All ,  Arnef.c  M  WalscE*  .  'iJi'rjvucid  iefs  Uk'%  of  Cti^ifvrrf^u.  JKfie-fjiJe.  Cf\. 

SL'-’liU  i.TuJaclJai:J"RL)  is  a  mnlecidiir  naiJliC4>f  pJiuajjJujtyLitdhiausiTi  PRE.  Ihii 
iulliL-als  the- .uDj'vdi  of  Kumna  pro^rfllc  mtCCr  cclh  -^^hen  these  are  grb-wn  in  virn-;  h-h  ^a. 
tuniuTS  ir  node  mice  ^1 1.  Iji  ifiis  ;[ud-r-,  -^-0  bavu  inveslig.iEed  lb?  iniKjf>Ja>'  LL-.yrtvji 
S.  7^3(D  RKI.  aid  anof.ldl  lUillbiLaiE  uf  pnjstate  oinccr  gnjwtl.  L.  25  Ciliyiiiusy  vilamxn 
'Whctl  fij  i>t-luL5  career  cel  ls  -^rere  mcubiir^d  IB  [i<J  '/'^U  ]''KL  for .3  days,  dost^.  ifi 
n>4f.fiY\il  h?kd  Au  EfTecLun  cell  aumber,  nlEhouf^  l!CllLJ^t:^iarL■ubili^ln^•:  were-  very  eFf-jetj-y^; 
at  ]  ISjlVI.  1b  .ht  .'Cduy  rime  frame,  lUftit^dOJii:  up  Lo  160  pM  %*TJ  ^ere  niso  inclICOi  rO  at 
rE:lui:iav  i;eri-ni»nhrr.-wlicrHk3  Ibiwe  bri-^  een  JO  uid  J  iUn.V  wck  cttecii-^e^  liicabaLiLn 
in  SlT^hTJ  HR  I  31.  prj  nM  ;Drjl45  cdls)  or  lO  nbl  (PC.i!-  eoJI^itiaed  Gie  ce!I:»  Lo  ‘^Ej 
i-uc  liLl.al  d  51JS  rcilucG:*  ir  oell-niBrher  ivrsirr^  sr-OO  pM  and  100  pM  VDin  JJt,i  1-4.^ 
ard  PC.3  cells,  respecively,  ‘iVIkim  I  Ik  A  Gc^uilulLliu  was  assieoed.  SilT^dJ  RRLaGOfiC- 
tsamc  conc>(;nlralLgil3)  m:J  VD  aluiic  (ICJO  j:MJ  bul  no  nffrnr.  hn  rijgcilKJ  tlC-i:-  Vfc-L-i 
mar'ked.  DKA  dci;riKJaiiun.  The  .3-day  innibaiioii  ineiih^i  ?^lTp.ll  PRLui  pEodacecI 
110  EL£ari*kfl.uiLn;ajc  in  the  anrMjnr  nf  iJi*  VD  iii>E:pLji  (VDRJ,  wtiereas  co-ire:uliiiiim 
LEl  !i-l  79D  FRL  and  VC  doubled  rhc  TtlugimL  of  Lie  VDR,  a.-  a.sscssbdl  hy  'V^'esienk  him  Hk- 
tama  incuhatiMi  crmlitpni  KdUJlcL  ai  adcub-inE  of  p2l  prole  n  in  rCEpOJscTu  y  i7y-D 
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Regulation  of  the  Prostaglandin  Pathway  by  Calcitriol  in 
Prostate  Cancer. 

2n  Jacqueline  Moreno**,  Lihong  Peng',  Srilatha  Swami',  Aruna  V  Krishnan',  Candice  S 

7  Johnson^  David  Feldman'.  ‘Dept  of  Med,  Stanford  Univ  Sch  of  Med,  Stanford,  CA: 

^Dept  of  Med,  Roswell  Park  Ctirtcer/ni7,  Buffalo^  NY. 

Calcitriol  exhibits  anti-proliferative  and  pro-differemiaiion  effects  in  prostate 
y  a  cancer  (PCa).  Our  goal  is  to  identify  calcitriol  target  genes  mediating  these  actions.  We 

on  have  recently  shown  that  calcitriol  regulates  genes  involved  in  the  metabolism  of 

rice  prostaglandins  (PCs),  known  stimulators  of  cancer  growth.  We  found  that  calcitriol 

ent  inhibits  PG  actions  in  PCa  cells  by  three  mechanisms;  stimulating  the  expression  of  the 

ies,  PG  catabolizing  enzyme  15-prostaglandin  dehydrogenase  (PGDH),  decreasing  the 

ted  expression  of  the  PG  synthesizing  enzyme  cyclooxygena.se-2  (COX-2)  and  inhibiting 

Us.  EP2  and  FP  PG  receptor  gene  expression.  The  combination  of  calcitriol  with  non-steroidal 

ase  anti-inflammatory  drugs  (NSAIDs)  acted  synergistically  to  achieve  substantial  PCa 

ilar  cell  growth  inhibition  at  -2  to  ^10  times  lower  concentrations  of  the  drugs  than  when 

3US  used  alone.  To  gain  insight  into  the  mechanism  by  which  calcitriol  regulates  the 

Dj-  expression  of  PG-pathway  genes,  we  examined  the  promoter  sequences  of  both  PGDH 

Dj-  and  COX -2  genes  and  identified  putative  vitamin  D  regulatory  elements  (VDREs)  in 

tol,  each  promoter  by  computer  analysis.  We  cloned  a  2.3  kb  fragment  of  the  human  PGDH 

!  in  promoter  into  the  luciferase  reporter  vector  pGL3  basic  and  transiently  transfected  it 

the  into  LNCaP  cells.  Preliminary  results  indicate  a  modest  but  significant  induction  of 

lets  reporter  luciferase  activity  in  response  to  10  nM  calcitriol.  Similar  transfection  assays 

iet.  with  a  7. 1 -kb  COX-2  promoter-luciferase  construct  in  LNCaP  DU- 145  cells  indicated 

the  that  calcitriol  significantly  suppressed  EGF-stimulated  COX-2  promoter  activity.  These 

no  results  suggest  that  calcitriol  regulates  the  expression  of  the  PGDH  and  COX-2  genes 

!  in  directly  at  the  transcriptional  level.  To  examine  the  effect  of  calcitriol  on  the  regulation 

on.  of  the  PG-axis  (>i  vivo,  we  established  LNCaP  xenografts  in  nude  mice  and  treated  them 

ian  with  calcitriol  at  a  dose  of  0.75  pg/mouse  for  three  consecutive  days.  Analysis  of  mRNA 

RT  expression  in  tumor  samples  revealed  that  calcitriol  reduced  Uie  expression  of  COX-2 

ack  mRNA  by  50%,  indicating  the  regulation  of  the  1X3  pathway  by  calcitriol  in  vivo.  Further 

me  in  vivo  studies  investigating  the  effects  of  calcitrioU  NSAIDs  and  their  combination  are 

in  progress.  We  believe  that  these  studies  will  generate  pre-clinical  data  that  will  lead 
>41  to  a  clinical  trial  to  test  the  combination  therapy  of  calcitriol  and  NSAIDs  in  PCa  patients. 

Jacqueline  Moreno  was  supported  by  a  DOD  grant  (PC04120). 


